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1. GENERAL

1.1 Introduction

s

The Nordic Mobile Telephone System (NMT) is developed jointly by

the Telecommunications Administrations of Dermark, Finland, Norway
and Sweden in order to establish a compatible automatic public

mobile telgphone system in the Nordic countries. The system is planned
to be put into commercial operation in the Nordic countries in the

early eighties.

This document specifies the requirements for the mobile stations (MS}

5 in the system. For detailed information about the system and the

ml. _ interfaces between the system compenents, reference. is made to NMT

Doc. 1, "System Description”, which is necessary for the use of this

document. .

E' The mobile stations of the system are fully compatible with the

f landbased part of the system, regardless of which Nordic country i
thelmobile station happens to be in at the moment. all mobile .
statiéns are given full roaming capabllity in all the participating

countries. : :

The mobile stations are to be purchased or leased by the subscribers.
3 They must, however, be type approved by the Telecommunications
'ﬂl . ' Administration in the country of the subscriber. In specifying the
requirements for type approval, one basic aim has been that to the

subscribers, the system shall appear as similar as possible to the

fﬂ” . fixed telephone network. This applies both to the use of the mobile
A station, the reliability of signalling, charging and to the services
cffered.
l.1.1 System concepts

With reference to the detailed system description, NMT Doc. 1, the
following lines are intended only as a very brief introduction to

the syStem.

The interface between the system and the fixed telephone network is
contained in the mobile telephone exchange (MTX). The base stations

(BS) are connected to the MTX which controls the traffic to and from

the mobile stations. The switching functions are performed by the
MTX. )
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The base stations are grouped into traffic areas. An MTX may control

one or more traffic areas.

i At every base station, one channel is used as calling channel and
is marked with a special identification signal. One or several of
the other channels, when free, are marked with a free traffic

channel identification signal. Stand by mobile stations in an area

under a base station are locked to the calling channel.

p-} 1.1.2 Radio frequencies

6%:"’ ' '
The radic frequencies available consist of the bands 453 -~ 457.5
MHz and 463 - 467.5 MHz, which will be used for the paths mobile

'ﬂ]]E. station to base station and base station to mobile station, respectively.
: With a channel separation of 25 kHz, these bands accommodate 180
§' : channels. '

In order to reduce the inconvenience of having a conversation inter-
rupted when moving from one base station coverage area to another,
the system is designed to switch.calls in progréss from one base

station to another base station, controlled by the same MIX.

A mobile station will upon command from the MTX reduce its transmitter
output power in the neighbourhood of a base station in order to

reduce interference.

1.1.3 Call set—up procedures

1.1.3.1 Call to mobile station

Calls to mobile stationg are transmitted simultaneously from all
base stations in the traffic area in which the mobile station is
operating., When a mobile station has received a calling signal
containing its identification, it returns a call acknowledgement
on the return frequency of the cailing channel, whereupcn MTX
allocates a traffic channel at‘thé base station where the mobile
station has answered the call, The mobile station then switches to

“the allocated channel. The calling channel, on which all other mobile

" stations remain, is immediately available for the next call to a

mobile station.
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Call from mobile station

When an ordinary mobile subscriber initiates a call, the mobile
station automatically hunts for and locks to a free marked traffic
channel, on which all signals are exchanged and the conversation

takes place.

Switching call in progress

During a call a continucus out of band supervisory signal (@-signal)
is generated at the BS {on order from MTX) and sent to the MS, where
it is looped back to the BS. The returned @-signal is detected and
evaluated by the BS which decides if the transmission quality
{signal to noise ratio integrated over é certain period of time)

necessitates switch-over to another BS,

The MTX orders the BS and also the surrounding BS's to perform
signal strength measurements on the radic channel on which the MS
is transmitting. For signal strength measuring all BS are equipped
with an all~channel mgnitor’receiver (SR) , Information about the
measurement results enables the MTX to decide to which BS (if any)
the call shall be transferred.

The measuring action is also performed by the BS at the beginning
of a call in order to determine whether the used BS is sultable.

This measurement is also used to determine whether the received
signal from MS is above a certain high level in which case the MTX

orders the MS to change to low transmitter oupput power level,

gobile station units

The mobile station consists of 3 major functional units:

- Transceiver unit (including circuits for duplex operation)

- Qperational controls unit

-~ Legic and control unit

Interface —a= | Operational Logie ond Transceiver unit H

controls unit control unit including circuits for =t

- duplex eperation

Fig. 1.1

_i | | - |
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In the physical realization of the equipment, the different functional
units may be integrated into single packages.

1.2.1 Transceiver Unit

The transceiver unit provides signalling and voice transmission
and raeception.

. _ The RF band consists of a lower and an upper frequency segment.
| The lower frequency segment contains 180 transmitting channels with
a channel separation of 25 kHz, while the upper fréquency segment |
. contains the corresponding 180 receiving channels, The duplex

separation is 10 MHz.

—-— 10 MHz —
. - S
g ¢ g g
8 § § : 8l -
7 _ - O %
/ i k \ f
. p. N _
' (MHz
) ‘l' N 3 £ x ,
H 3 H - 3
- o 4
g g S ' 2
- [ - ~
o " © o ‘
) _ . - - - «|
: Mobile station Mobile xtation
: transmifting channels receiving channels
Fig. 1.2
The LF output of the transceiver may be audio signals which are
passed to the Operational Controls Unit, or coded signalling infor-
mation which is passed to the Logic and Control Unit for decoding

and appropriate processing.
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Operational Controls Unit

" The Operational Controls Unit provides the interface between the

user and the NMT-system. This functional unit described in Chapter
3 and 4 includes a handset, push-button set, hands-free audio
capability and all mobile station controls, indicators and tone

signals with which the user interacts.

Logic and Control Unit

The Logic and Controi Unit, described in Chapter 5 functiecns as
the master control for the mobile gtation and encodes and decodes
the digital signalling used on the radio path and decides the

appropriate action to be taken,

Some of the functions of the Logic and Control Units are:

- Decoding orders from the MTX such as:
‘_ alerting the user to an incoming call (ringing order)
- channel command ‘
- adjusting the transceliver cutput power
- identity request '

- releasing the M2 at completion of a cali or forced release

- Receiving general identification signals from the MTX such as:
- traffic area identification
- calling channel identification.

- free traffic channel identification

— Evaluating and ordering the necessary steps to be taken by

the mobile station

- Encoding the signalling information to the MTX such as:
- call initiation from MS (identification)
- clearing signal when terminating-a call
- updating roaming information

- dialled digits for call origination

- Providing subscriber signalling information such as:
- ringing signal
- - roaming alarxm
© - malfunction alarm

- gervice indicator

- call received indicator
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1.3 General conditions

e e T e e o} S e R

1.3.1 General reguirements

! 1.3.1.1 Marking of the equipment

! The functions of all pilot lamps, terminals and contreols as well
! as the positions of the controls shall be clearly indicated on the
‘ equipment.
mne equipment shall be clearly marked with the make, type designation
. and serial number. This rule shall apply also to the sample which

i is handed in for type approval.

The marking shall be mechanically solid and durable and may, for
)] . example, be made by means of engraving, embossing or application

of a metal plate.

Furthermore, the Operational Controls Unit shall be provided with.

a plate which shows the mobile telephone number. This number shall

be visible to the user. !

The above mentiocned markings will be subject to type approval.

1.3.1.2 Warming up period

_ At the latest one minute after having been switched on to the

})}' . power supply the equipment shall be. fully ready for operation, i
which shall be taken to mean that all requirements laid down in

these present specifications shall be fulfilled.

DJI . 1.3.1.3 Storage conditions

The mobile station shall withstand storage temperatures between

- 40°%C and + 70°¢ without damage.

.1.3.2 Terminals

1.3.2.1 Test terminals

The mobile station shall be provided with test terminals which make

;R it possible to measure that the requirements laid down in this

% f : _ specification are fulfilled.
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_Antenna terminal

The antenna terminal is the interface between the antenna and the

mobile station ineluding the duplex filter,

Volce input and output terminals

The mobile station shall be provided with voice input/output
terminals. These terminals are the interfaces between the voice
input/output circuit (see chapter 2) and the handset transmitter

output/receiver input {see chapter 3}.

If the mobile station is equipped with separate microphone and

loudspeaker these shall be connected to voice input/output terminals.
Impedances at voice input and output terminals shall be declared

by the manufacturer.

Arrangement for testing

It is recommended that the M5 inside the cabinet, accessible only
for service personnel, shall be provided with an arrangement for
test purposes which makes it possible to activate the MS in speech

condition on any of the 180 radio channels.
The arrangement shall overxule the autonomous time out device.

The methode to be used to select a channel and activate the MS

shall be declared by the manufacturer.

Reference is made to paragraph 4.10.

Test of the equipment ' '

application of the test conditions

For all requirements specified in these requlations, type approval
measurements shall be carried out under the normal test conditions
described in 1.3.4. If so specified, the test shall also be carried

out under the extreme test conditions mentioned in 1.3.5.

An example of a mobile station test arrangement is shown in Fig.

1.3.

+
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t
Detection information J00/4000HE
Datareceiving timeinformation |  detector
- : |
1 T 1 Artiticlal
] : o anterna
); , - Decoder —t— FFSK o  receiver
| .
1 ) Py Coupler
RF-receiver selection -
* I receiver o
; A
). RF -channel control
! b ]
- !
) . :
2 L s RF - '
: 2 Encoder —-‘— FSKk | ¥ | generator —=3
. 3 | '
| T
‘ . ' RF -
o-{ Encader -«:-« FFSK * generator _¢—
: Foding )
e . 30014C00HzZ simulator 1 Antenna
- ISJafc‘sj lsendmg rlmedmf.ormahon generalcr erminal
ending carr.:man 200 Hx D '
"TAF-sending command | AF-gen. Mobile :
station b
| under test
Tone defection information Tone '
J . : 1 detector | MV D—_
! . 1 :
l .
- On /01t command On/0ff
® e :
by
. Fig. 1.3

An example of a mobile station test arrangement
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Power supply

" During the type approval tests the power supply of the equipment

shall be replaced by an outside power source capable of producing
power supply voltages as described in paragraphs 1.3.4,2 and
1.3.5.2. The internal impedance of the power source shall be low

enough for its effect on the test results to be negiiqible.

The power supply voltage shall be measured at the input terminals
of the equipment.

If the equipment is provided with a permanently connected power
cable, the power supply voltage shall be measured at the point of
connectiocn of the power cable to the eguipment.

In equipment with incorporated batteries, the power source shall

be applied as close to the battery terminals as practicable.

Dhring the testing the power supply voltages shall be maintained
+
within a tolerance of - 3% relative to the voltage at the beginning

of the test.

Normal test conditions

Normal temperature and humidity

The normal temperature and humidity conditions for tests shall be
any convenient combination of temperature and-humidity within the

following ranges:
. o o
Temperature + 15°C to + 35°C

Relative humidity 20% to 75%

Normal test power source
Mains voltage

The normal test voltage for equipment to be connected to the mains j
shall be the nominal mains voltage. For the purpose of these

specifications, the ncminal voltage shall be the declared voltage

or any of the declared voltages for which the equipment was designed.
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Regulated lead-acid battery power sources of wvehicles

If the radioc equipment is intended for operation from the usual
types of regulated lead-acid battery power source of vehicles the
normal test voltage shall be 1.1 times the nominal voltage of the

battery (6 velts, 12 volts, etc.) .

Other power sources -

For operation from other power sources or types of battery (primary

or secondary}, the normal test voltage shall be that declared by

i . . the equipment manufacturer.
|
1.3.5 Extreme test conditions
, . 1.3.5.1 Temperatures at testing under extreme conditions

At testing under extreme conditions the measurements shall be made

in accordance with paragraph 1.3.5.3 at the temperatures of -25%
)

and +55 C.

1.3.5.2 power supply voltages at testing under extreme conditions

Regulated lead-acid battery power supplies for use in motor

vehicles.

If the xadio equipment ig intended for operation from the usual
types of regulated lead-acid battery power supply of motor vehicles,
}) : . :  measurements shall be made at power supply voltages of 1.3 and

0.9 times the nominal voltage of the battery (6 volts, 12 volts,

etc.).

)): . . Mains voltaée

The extreme test voltage for equipment to be connected to an AC

+
mains source shall be the nominal mains voltage - 10%.

Other power sources

The lower extreme test voltages for equipment with power sources

using primary batteries shall be as follows:

1} For the Leclanché& type of battery:
0.85 times the nominal voltage of the battery;

2y For the mercury type of hattery:
0.9 times the nominal voltage of the battery;

| |
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3) For other types of primary batteries:

End point voltage declared by the equipment manufacturer,

For equipment using other power sources, oOr capable of being
operated from a variety of power Sources, the extreme test voltages
shall be those agreed between the equipment manufacturer and the

testing authority and shall be recorded with the results.

! 1.3.5.3 Procedure for tests at extreme temperatures
Test procedure

Before measurements are made the equipment shall have reached
thermal balance in the test chamber. The equipment shall be sﬁitched
off during the temperature stabilizing period. If the thermal

) . balance is not checked by measurements, a temperature stabilizing
periodlof at least one hour, or such period as may be decided by

the testing authority, shall be allowed. The sequence of measure-

ﬁents shall be chosen, and the humidity content in the test chamber

shall be controlled so that excessive condensation does not occur.

| Before tests at the uppex temperature the equipment shall be placed
in the test chamber and left until thermal balance is attained.

The equipment shall then be switched on in the transmit conditicn
for a period of half an hour after which the equipment shall meet

the specified requirements.

) @

D For tests at the lower temperature, the equipment shall be left in
the test chamber until thermal balance ig attained, then switched
tc the standby or receive condition for a period of one minute

DJJ. after which the equipment shall meet the specified requirements.

1.3.6 Arrangement for test signals applied to the antenna terminal

for receiver testing purposes

sources of test signals connected to the antenna terminal shall be
arranged in such a way that the impedance presented is 50 ohms.
This requirement shall also be met if more than one signal source

is applied simultaneously.

é The levels of the test signals shall be expressed in terms of the

EMF at the antenna terminal.
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The effect of any intermodulation products and noise produced in

the signal generators should be negligible.

Artificial antenna (dummy load)

Tests of the transmitter shall be carried out with a non-radiating

non-reactive 1oad of 50 chms connected to the antenna terminal.

Test modulations

Normal test modulation

For normal test modulation, the modulation frequency shall be
+
1 kHz and the resulting frequency deviation shall be - 3.0 kHz.
The test signal shall be substantially free from amplitude modulation.

Data test modulation

Normal data test modulation is defined as the carrier frequency
modulated with frame 15 (see NMT Doc 1) to give a mean frequency

+
deviation of ~ 3,5 kHz.

Supervisory signal modulation

Normal supervisory signal test modulation is defined as the carrier
frequency modulated with a signal of frequency 4015 Hz to give a

. +
frequency deviation of - 0.3 kHz.

Definitions of some measuring instruments

Adjacent channel power measuring receiver

The receiver for measuring the adjacent channel power shall fulfil

the requirements given in CEPT Recommendation T/R 17.

Psophometric filter

The psophometric filter which is used in some of the test measure-
ments, shall fulfil the requirements specified in CCITT Recommendation

P 53.A {psophometer for commercial telephone circuits).

SINAD meter

The SINAD meter needed for receiver measurements is also specified
in CEPT Recommendation T/R 17. The psophometric filter needed for
SINAD (P)-ratic measurements (see. 2.3.7.1) may be included in the

SINAD meter.
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1.3.10 Vibration test

It is required that the equipment is designed to withstanding a
vibration test according to the IEC publicatien 08-2-6.

10~55 Hz z 0.15 mm displacement
55-150 Hz 20 m/s2 acceleratiqn

i Sweep rate: ! octave per minute

Duration: 2 hours in each 3 directions

}\! . During the vibration test the equipment shall not be in operation. . ' |
After the test the equipment shall fulfil the requirements specified . ‘

in these technical specifications. _ i

1 o . :
))" . 1.3.11 Test site and general arrangements for measurements invelving |

the use of radiated fields . { ‘

i.3.11.1 Test site _ .‘

The test site shall be on a reasonably level surface or ground.
+

i At one point on the site, a ground plane of at least 5 metres
diameter shall be provided. In the middle of this ground plane,
a nonconducting support, capable of rotation thiough 360° in the

horizontal plane, shall be used to support the test sample at |

1,5 metres above the ground plane. The test site shall be large enough

I-'f. to allow the erection of a measuring or transmitting antenna at a

)

- distance of 272 or 3 metres whichever is the greater. The distance
actually used shall be recorded with the results of the test carried

out on the site.

Sufficient precautions shall be taken to ensure that reflections
from extraneous cbjects adjacent to the site and ground reflections

do not degrade the measurement results.

1,3,11,2 Test antenna

The test antenna is used to detect the radiation from both the

test sample and the substitution antenna, when the site is used

for radiation measurements; where necessary, it is used as a
transmitting antennag when the site is used for the measurement of
recelver characteristics, This antenna is mounted on a support such

as to allow the antenna to be used in either horizontal or vertical

.polarization and for the height of its centre above ground to be
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varied over the range ! - 4 metres. Preferably a test antenna with
pronounced directivity should be used,. The size of the test antenna
along the measurement axis shall not exceed 20% of the measuring

distance.

For radiation measurements, the test antenna is connected to a test

receiver, capable of being tuned to any frequency under investigation ' i

and cof measuring accurately the relative levels of signals at its
input. When necessary {(for receiver measurcments} the test receiver

is replaced by a signal source.

1.3.11.3 Substitution antenna

The substitution antenna shall be a /2 dipole, resonant at the
frequency under consideration, or a shortened dipole, calibrated to
the #/2 dipole, The centre of this antenna shall coincide with the
reference point of the test sample it has replaced. This reference
point shall be the volume centre of the sample when its antenna is
mounted inside the cabinet, or the point where an outside is

connected to the cabinet.

The distance between the lower extremity of the dipcle and the
ground shall be at least 30 cm.

The substitution antenna shall be connected to a calibrated signal
generator when the site is used for radiation measurements and te a

calibrated measuring receiver when the site is used for measurement.

of receiver characteristics. The signal generator and the receiver
: shall be operating at the frequencies under investigation and shall
E. . be connected to the antenna through suitable matching and balancing

networks.

1.3.,11.4 Balternative indocr site

Wwhen the freguency of the signals being measured is higher than
80 MHz, use may be made of an indoor site. If this alternative

g ' site is used, this shall be recorded in the test report.

The measurement site may be a laboratory room with a minimum area

of & metres by 7 metres and at least 2,7 metres in height,

Apart from the measuring apparatus and the operator, the room shall

be as free as possible from reflecting objects cother than the

walls, floor and ceiling.

‘¥—
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The site arrangement is in principle shown in Fig. 1.4.

Celling
///////////////////.///////
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@ | .
! , Fig. 1.4
Indoor site arrangement

(shown for horizontal polarization)

The potential reflections from the wall behind the equipment

under test are reduced by placing a barrier of absorbent material

in front of it. The corner reflector around the test antenna is
used to reduce the effect of reflections from the opposite wall

and from the floor and ceiling in the case of horizentally polarized

measurements.

Similarly, the corner reflector reduces the effects of reflections

from the side walls for wertically polarized measurements.

For the lower part of the frequency range (below approx. 175 MHz)

- no corner reflector or absorbent barrier is needed.

IlIIIIII.....................lllllIlllIIIIIIIIIIIIII----;--———
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For practical reasons, the A2 antenna may be replaced

by an antenha of constant length, allowing it to be used at
frequencies corresponding to a length between 3(2 and A, as long
as the sengitivity is sufficient. In the same way the distance of

A/2 to the apex may be varied.

The test antenna, test receiver, substitution antenna and calibrated
signal generator are used in a way similar to that of the general

method.

To ensure that errcrs are not caused by thé propagation path
approaching the point at which phase cancellation between direct
and the remaining reflected signals occcurs, the substitution
antenna shall be moved through a distance of : 10 cm in the direction
of the test antenna as well as in the two dlrections perpendicular
to this first directicn. If these changes of distance cause a
signal change of greater than 2 dB, the test sample should be
resited until a change of less than 2 4B is obtained.
o

Receiver rated audioc output power

The rated audio output power shall be the maximum power, declared
by the manufacturer, for which all the requirements of theée speci-
fications are met. With normal test modulation, the audic output
shall be measured in a resistive leoad, simulating the load with

which the receiver normally operates. The value of this load shall

be declared by the manufacturer.
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TRANSCEIVER UNIT

General

The transceiver unit consists of the transmitter and the receiver
(including circuits for duplex operation), Regarding portable

mobile stations reference is made to annex 1,

Transmitter

All requirements in section 2.2, unless otherwise specified, shall
be carxied out and fulfilled in coenversation mode {(duplex operation).
The modulation signal shall be applied to the voice input circuit

from an oscillator having a suitable impedance according to 1.3.2.3.

Frequency range and channelféeparation

The MS transmitter works on frequencies from 453.000 MHz to
457.475 MHz, with a channel separation of 25 kHz. The duplex
separation is 10 MBz, giving the corresponding MS-receiver frequencies

from 463.000 MHz to 467.475 MHz (See Fig. 1.2).

Numbexr of channelé

The number of c¢hannels in the NMT-system is 180. Channel No. 1 is
the lowest in frequency (in transmitter 453.000, in receiver
463.000 MHz} and channel No. 180 is the highest in frequency (in

transmitter 457.475 MHz, in receiver 467.475 MHZ) .

Freguency error

Definition

The frequency error of the transmitter is the difference between

the measured carrier frequency and its neminal value,

Method of measurement

The carrier frequency shall be measured without modulaticn and with
the MS antenna terminal connected to an artificial antenna.

The measurements shall be made under normal and extreme test

conditions.

Requirements

The frequency erxor of the transmitter steady-state frequency shall

. not exceed ¥ 2,5 kHz under normal as well as extreme test conditions.
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Transmitter carrier power

Definition

The transmitter carrier power is the mean power dalivered to the
artificial antenna during a radilo frequency cycle, without

modulation.

Mathod of measurement

The antenna terminal shall be connected to an artificial antenna.,
and the power .delivered to this artificial antenna shall be
measured. The measurements shall be made under normal test conditions

and under sxtreme test conditions..

Regquirenments

The available steady-state carrier power cutput at the antenna
terminal into an artificial antenna shall be 15 W z 1.5 dB for
all channels at normal test conditions; and within + 2 dB apnd - 3
gBE of 13 W at extreme test conditiconsa.

Regarding portable mobile stations reference is made to annex 31,
Load test

The transmitber shall e submitted to load tests with continuous

transmission during a pericd of 30 minutes:

- The change in the transmitter output power shall not exceed
2 48 during a load test when tha MS is loaded with a registive
impedance glving a standing wave ratio of 2, The test shall ha

carried out at normal test conditions,

~ Without khelng damaged, the M5 shall be able to withstand a
load teat when it ig loaded with a resistive impedance giving

a standing wave ratio of 2, Tha test ghall be carried out at

extrame test conditions.

Furthermore the MS shall be capable to withstand, without heing
damaged, a load test when tha M3 1s loaded with an arbitrary
load. This is done by leaving the antenna terminal cpen and by

short cliouiting it for at least one minuta in each case.
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Transmitter carrisr powar control

The MS-transmitter shall be able to reduce the output power with

10 a8 T 3 dp on all chanpals as contralled by the Logic and Control
Unit after a copmand from tha MTX. Measurements are made under
normal and extreme teat conditicns. An additional atep of 10 AB may
be required at a latar date enly on new aﬁuipmant.

Carrier on/off condition and carrier rige/decay time

Trangmitter start-up times and transmitter awake time are defingd

in Chapter G,

Transmitter channel switching time

For definition, method of measurement and regquirements mae
chaptar 6.

Spuricus emissions

Dafiniticn

Spuricus emissions are emigsionse at fregquencies other than thoge
of the carrier and sidebanda asscclated with normal test modulation.

The level of spurlous emissions ghall be measurad a9:
a) thelr conducted power level in an artificial antenna

b} thelr effective radiated power when radlated by the
cablnet and structura of the equipmant alsoc known as
“cabinet radiation".

Mathod of measuring the conducted power level

Spurious emisslons shall ke measured as the énwur leval of any
discrete siﬁnal dalivared into a 50 chma load, This may ke done
by connecting the antgnna terminal through an attenuator to a
spectyum analyser or selective voltmeter, or by menitoring the
relative levels of the spuricus aigpals daljversd to an artificial

antenna.

The transmitter shall be unmodulated and tha measurements made over
the frequency range 100 kHz to 2000 MHz, except for the channal
on which the transmitter ils intended to cperate and itm adjacent

channeals,
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The measurements shall be repeated with the transmitter modulated

with normal test modulation,

The same measurements shall also be made when the MS transmitter 1e

in reduced power mode,

3.2.8.3 Method of measuring the effective radlated power

on a test site fulfilling the requirements of paragraph 1.3.11

the sample shall be placed at the specified héight on a non-conducting
) support. The transmitter shall be operated at tha carrier powar
j'T'r. as specified under paragraph 2.2.4, delivered to an artificial

antenna without modulatiecn.

Radlation of any spuricus compenents shall be detected by the test
Wr. antenna and receiver, over the freguency range 30-2000 MHz, except
' for the channel on which the transmitter is intended to operaté

and its adjacent channels.

At each freguency at which a component 1s datscted, the sample shall
ba rotated to obtaln maximum responze and the sffective radiatad
power of that ccmponent shall be determined by a substitution

messurement.

The measuremsnts shall be repeated with the test antanna in the
orthogonal polarisation plans.

'ﬂ[. - Tha measurements shall be rapeated with the transmitter modulated

; by normal test modulation.

. 2,2.8.4 Raguirements

The following requirements shall be fulfilled during normal and
reduced power modes.

In case a}) the spurious emission shall not exceed 0.25 microwatt

in case b) the spurious emisaicn {"cabinet radiation”) shall net

excaad 2,5 microwatt.

E . 2.2.9 Fregquengy deviaticn

The frequency deviation is the maximum difference between the
jnataptaneous frequancy of the modulated radio frequency signal

and the unmodulated carrier.




October 1979

- 21 -

2.2.9.1 Maximum permissikble frequency deviation without supervizory sigmnal.

I Dafinition

The maximim permissible frequancy devlation without supervisory
signal is the maximom wvalue of frequency deviation stipulated in

these specifications,

2.2.9.2 Method of measurement

i The frequency deviation shall be measured at the antenna terminal
Eﬂ'?'[. of the M3 connected to an artificial antenna, by means of a
l deviation meter capable of measuring the maximom deviation, including
that due to any harmonics and intermpdulation products which may ha

) generated in the transmitter.
@

The modulation frequency without the superviscry signal shall be
varied €rom 20 Hz to 25 kHz. The level of this test signal shall
Le 20 dB above the level of the normal test modulation.

2.2,9.3 EReguirements

The maxXimum permisalble frequency ﬂevi&éinn ghall be ! 4.7 kHz.

v

2,2,10 Limiting characteristic of modulator

2.2.10.1 Definition

R TP 2
'

The limiting characteristic of the modulator axpressas the .
capahility of the transmitter to bz modulated close to the max Lmum
permissible frequency deviation as defined in paragraph 2.2.9.

. ——

2.2.10.2 Mathod of mgasurement

4 test signal with a frequency of 1000 Hz and without the super-
visory signal shall he applied to the voice input gircuit of . the

transmitter.

The leavel shall be adjusted co that the frequency deviation is

: 1,0 kHz. The level is then increased by 20 48 and the frequency

i deviation ls again meagured,

The meagurements shall be carried out undex noxrmal test conditicns

and axtreme test conditicns.
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2.2.10.3 Requirements

The frequency deviation shall ba Detween th,T kHz and 4,7 kHz).

2.2.11 aAdjacent channel powar

2.2.11.1 Definition

The adjacent channel power is that part of the total power output
of a transmitter under defined conditione of modulation, which falls
{ - within the bandwidth of a receiver of the type normally used in
m\i . _ the system and operating in either of the adjacent. channels. This
_ powar is the sum of the mean power produced by the modulation, hum

and nolse of the transmittexr.

: 2.2.11.2 Method of measurement
@

The adjacent-channel power chall be measured with a power-measuring

receiver which conforms to paragraph 1.3,.9.1.

The transmitter shall be operated at full.carrier power determined

‘ in paragraph 2.2.4 under normal tegt conditions. The antenna
terminal shall be linked to the input of the *recelver” by a
connecting device such that the impedance presented to the MS is

50 ohms and the level at the "receiver”" input is appropriate.

The transmitter shall he simultanecusly modulated with a signal
+
of 1250 Hz and the supervisory signal {4015 Hz - 0,3 kHz deviatlon}.

g The =ignal of 1250 Hz shall be adjusted to a level 20 dB higher than '

+ "
that reguired to produce - 3.0 kHz deviation (without supervisory

gignal) . The "receiver” shall he tuned to tha nominal frequency of

the transmitter and the variable attenuator in the "receiver" shall
be adjusted to a value p dB such that a meter reading of the order

of 5 48 ahove the “receiver”'nnise level is cbtained.

: : The "recelver" shall then he tuned to the nominal fraquency of
one of the adjacent channels and the variable attennator shall be

adjusted to a value q 4B such that the same meter reading iz obtained.

The ratio of adjacent chamnel power to carrier power iz the difference
between the attenuator settings p and q. The adjacent channel power

i5 detesrmined by applying this ratic to the carrxier power.

The measurement shall be repeated for theg othar adijacent channel.
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2.2.11.2 Requiraments

! The adjacent-channel power shall not sxceed the power level corres-
ponding to 70 dB below the nominal carrier power of the transmitter,

2.2.12 audio-frequency response of the transmitferx

2,2.12,1 Dafinition

The audlo-frequency response is the frequency deviation of the
. transmitter carrisr as a function of modulation frequency at a
*E]T(. congtant lavel of the modulation signal,

2.2.12.2 Method of measurement

mf. A modulation asignal at a freguency of 1000 Hz 149 applied to the
voice input clrcuit. Its amplitude 1s adjusted to such a leval

+
that a frequency deviation of - 1 kiz is chtained, The freguency

‘deviation ia measured while the fiaquenﬁy of the modulation signal
i varied between 300 Hz and 25 kHz, its lavel being kept constant
at tha same valum as at 1000 Hz, The measurement shall be made
without the supervisoxy asignal.

r 2.2.12.3 Reguirements

The audic freguency rasponsa shall have a & dB/cctave pre-emphasis
betwaen 300 Hz to 3400 Hz. Higher and loweY frequencies shall be

attenuated,

Thejtnlerancea are glven in Fig. 2.1.
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Transmitter
frequency deviation
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2.2.13

2.2,13.1

2.2,13,2

f fox

Fig. 2.1

Audio frequency response of transmitter.

Harmonic distortion factor in transmission

Definition

lThe'harmonic-distortion factor of a transmitter modulated bf an
audio-frequency signal is defined as the ratio expressed as a
pexcentage, of the r.m.s. voltage of all the harmonic components
of the fundamental audio frequency to the total r.m.s. voltage of

the signal after linear demodulation.

With the method_described below, when a distortion analyser is used,
the hum and noise components are included in the distortion

measurement.,

Method of measurement

The radio-frequency signal produced by the transmitter is applied,
by means of a suitable coupler, to a linear demodulator equipped
with a de-emphasis network of 6 dB per octave above 300 Hz. The
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The response of this network may be flat but not falling below

300 Hz. At normal. test conditions, this radio-frequency signal is
modulated successively at frequencies of 300, 500 and 1000 Hz with
a constant modulation index of 3 (the modulation index is the ratio
of the frequency deviation to the modulating frequency) producing
3.0 kHz deviation at the frequency of 1000 Hz,

The harmonic distortion factor of the audio frequency signal is

measured at all the frequencies given above.

@. At extreme test conditions, measurements are carried out at 1000 Hz ' ’I
: with a frequency deviation of 3,0 kHz,

2.2,13.3 Requirements

((.. The harmonic distortion shall not exceed 5%,

2.2.14 Relative audio-frequency intermodulation-product level of

the transmitter

2.2.14.1 Definition

The relative intermodulation-product level of the transmitter is

the ratio, expressed in decibels, of

the level of an unwanted component of the cutput signal
caused by the presence of two modulating signals as a |

’_ result of nonlinearity in the transmitter,
to
the level of one of the wanted output signals measured

at the output of a deviation meter,

2.2.14.2 Method of measurements o . ﬂ

a) Connect the equipment as shown in Fig. 2.2
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Audio - frequency generctar no |

Audio -frequency generator no 2

Audio ~frequency ecombining unit

MS transmitter under test

Artiticial antenna (50 ohm loed)

Coupler / attenustor

Deviation meter )
Audia=frequency Epectrum analyser or selective voltmeter

N Ly~

Fig., 2.2

.

b) In the absence of an output from audio-frequency generator
(2), adjust the audio frequency generator (1) to produce : 2,3 kHz
frequency deviation at a modulating frequency, Fi, of 1000 Hz.

. . Record the ocutput level of the audi.o-'frequency signal generator.

¢) Reduce the output of generator (1) to zero and adjust the output
. + . )
of generator (2) to produce - 2,3 kHz frequency deviation at a

modulating frequenéyl: E‘z, of 1600 Hz.

d) Restore the output of generator (1) to the level recorded
according to b) and measure the relevant intermodulation

' products with the selective voltmeter.

Notes: (1) The deviation meter shall be provided with a

de-emphasis network of 6 dB per octave.

- 2.2,14.3 Requirements

The relative intermcdulatioen ;iroduct level shall not exceed =20 dB.
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Resfdual mpdulation

Definiltion

Tha recidual modulation of the transmitter is the ratis, expressed
in dB, of the andio frequency noise level produced after radio
frequency signal demodulation in the absence of modulation by the
wanted signal, by the spuriocus effects of fhe power supply system,
by the modulator or by other causes, to the aﬁdiu frequency level
produced by normal test modutation applied to the transmitter.

Mathod of measurement

a)l The normal test modulaticon, is applied to the transmitter.
For RF signal produced by the transmitter is applied by means

of a suiltable coupler te a linear demcdulator,

The demodulator is aquipped with a de-emphasis network of

& dB per octave.

all precautions shall be taken to prevent the measurement results
from being affected by emphasis at the low audio fragquencies of
the internal linaar-demodulator noise.

Measurements shall be carried out on the demcdulator cutput
signal by means of an r.m.s. voltmetsy eguipped with a
pecphometric filter described in paragraph 1.3.9.2,

The modulation is then removed and the level of the residuaj

audio-frequency cutput signal is again measured.

b} The same method as a) above but without the psophemetric filter
at the output.
In this case the measurements are carried out hy means of 2

peak-to-peak voltmeter,

Requirements

For case a} the resldual modulation shall not exceed -40 4B

For case b} the residual modulation shall net exceed -20 4dB.

Transmitter audio muting

An input muting device controlled by the Loglc and Contrel Unit
ghall be provided. The muting shall be capable of causing at least

40 dp attenuation in the audip path. The data transmission shall
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not begin until the muting has reached an attenuation of 40 dB.

Recelvar

All reguirements under gsection 2.3 with exception of paragraph

2.3,13 shall be fulfilled in duplex operaticn and the measurements
ghall ha carried out in conversation mode, at the voice output circult
by using a load mentioned in paragraph 1.2.12, The transmitter shall
be modulated with a 400 Hz tone giving a frequency devlation of - Ia.0

kHz unlass otherwlse stated.

Freguency range and channel separation

The MS receiver works on frequencies from 463.000 MHz to 467.475 MHz,
with a channel separation of 23 KHZ. The duplex separation is 10 MHZ,
giving the corresponding MS-transmitter frequencies from 453.000 MH=z
to 457.475 MHz.

Bumber of channels

The number of channels in the HMT is 180, Channel No. 1 is the lowest
in frequency (in receiver 463.000 MHz, in transnitter 453.000 MHz)
and channel No. 180 is the highest in fraquency (in recelver

467.475 MHBz, in transmitter 457.475 MEZ).

Duplex separation

The duplex receive channels are assigned on a one to one relation;
ship with the transmit channels, and a constant separation of

10 MH=2.

Recelver detection and switching time

pefinition, method of measurement and requirsements are giﬁén in

chapter 6.

Reduced channel locking capability

See paragraph.5.2.3.3.
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2.3.8 RF carrier detactor

‘ The detector level shall be fixed and the cpening level ghall be
| _ 2 aBuv - 2 ds.

: 2.3.7 RF-sensitivity

2.32.7.1 Definiticn

The sensitivity of the receiver is the minimum RF-signal level
at the antenna terminal which, at the nominal frequency of the
m raecaiver and mudulated.with normal test modulation, will produce
a power at the voice oputput clrcult at least 50% of the rated cutpub
power and a SINAD-ratic of 30 4B measurad through the psophometric
M ' filter (see paragraph 1.3.2.2}.

The SINAD-ratio ls the ratio of signal + nolse + distortion to noise
+ distortion, The SINAD(P)-ratic is the SINAD-ratioc measured through

the psophometric filter.

2.3,.7.2 Method of msasurement

A signal at the neminal frequency of the receiver and with normal
test modulation shall be applied to the antenna terﬁinal. The SINAD
meter, {see paragraph 1.3.9.3) and a psophometzric filter shall be
connected to the voice output circuit, Where pesasible, the receiver
volume control shall be adjusted to give 50% of the rated cutput

O ' power and, in the case of stepped volume controls, to the Ffirst
step that provides an output power of at ieast 50% of the rated out-

put power.

The test signal input level at the antenna terminal shall ke reduced
te 1.0 microvolt E.M.F. under normal test conditions and to 1.5 nicro-
- volt E.M.F. under extreme test conditlcns. In both cases the SINAD(P)-

ratioc is measured,

under extreme test conditlons, a variation of the recaiver output
+
.power of = 3 dB from the value obtained under noxmal test condlitions

may be allowed.
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Fequiremsnts

The SINAD(P)-ratic shall be at least 20 dB in both casas.

co-channel rajection

Daefinition

The co-channel rejection is a measure of the capability of the
receiver to receive a wanted modulated signal without exceeding
a given degradation due to the praesence of an unwanted modulated

signal, koth signals being at the nominal frequency of the receiver.

Method of measurement

Twe input signals shall be connected to the antenna terminal via a
combining device. The wanted signal shall have normal test modulation.
The unwanted signal shall be modulated with a frequency of 400 Hz
with a deviation of z 3 kHz. Baoth input signals shall be at the

nominal frequency of tha receiver and the measurement repeated for

displacements of the unwanted signal of up to = 3 kBz.

The transmitter shall be urmodulated during the test.

Initially the unwanted signal shall be switched off and the level
of the wanted signal shall be adjusted ko 3 48 (1 u¥) E.M.F.

The unwanted signal shall then be switched on.

The leval of the unwanted signal shall be adjusted until the
SINBD (P} -ratic measured at the voice output circuit 1s reduced to
20 4B.

The co-channel rejection ratic i expressed as the ratioc in dB
of the level of the unwanted signal to the level of the wanted signal
at the antenna terminal for which a SINAD(P}-ratio =20 4B at the

volee output clroult gocurs.

Requiraments

The cog~channel rejection ratio at any of the specified signal

displacements shall be hetween 0 4B and -8 4B,
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adjacent channel selactivity

Definition

The adjacent channel selectivity 1s a measure of the capability

of the recaiver to receiva a wanted mudulated.signal without
sxceeding a given degradation due to the presence of an unwanted
signal which differs In frequency from the wanted signal by an amount

egual to the channel separation.

Mathod of measurement

Two signals ghall be applied to the antenna terminal via a combining
device. The wanted signal shall be tuned to the nomipal fraguency

of the receiver and be modulated with normal test modulatien. The
unwanted signal shall be at the nominal frequency of the upper adjacent
channel and be modulated with a 400 Hz tone to & frequency deviaticn

of + 2 kHz.

The mobile station transmitter shall be unmedulated during the tesat.

4

Initially the unwanted signal shall be switched off and the level

of the wanted signal shall be adjusted to 3 dB {1 uv) E.M.F. The

unwanted signal shall then be switched on and its level adjusted
until the SINAD{P)-ratic measured at the voice output circuit is
reduced to 20 dB,

The measurement shall be repeated with the unwanted signal at the

nominal frequency of the lower adjacent channel.

The ratios expressed in dB of the level of the unwanted signal to
the level of the wanted signal are determined. The adjacent channel

selectivity shall then be the lower value of the two ratlios.

Reguirements

The adjacent channel selectivity shall not be lesg than 70 45 under

normal taest conditions and not less than 60 dB under extreme test

conditicna.
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2,3.10 Spurious response rejection

2.3.10.1 Definiticn

The spuricus response rejection lsg a measure of the capability
of the receiver to discriminate between the wanted modulated signal
at the nominal fregquency and an unwanted sigﬁal at any other

frequency than the wanted and adjacent channels.

2.3.10.2 Mathcd of measurement

O Two input signals shall be applled to the antenna terminal via a
combining device. The wanted signal shall be at tha nominal fraquenc#

of the recelver and be modulated with normal test modulaticon,

@ Initially the unwanted signal shall he switched off and the wanted
input signal adjusted to 3 dB {1 uv} E.M.F., The unwanted signal
shall be switched on and modulated with a 400 Hz tone to a frequency
daviation of : 3 kHz, The input level of the upwanted signal shall
be 83 48 (1 uy) E.M.F. The frequency shall then be wvaried over the
frequency zange from 100 kHz to 2000 MHe.

At any Frequency at which a response iz chtailned, the Input level of
the unwanted signal shall be adjusted until the SINAD{P)~ratio
of the volce ocutput circult 15 reduced to 20 4B,

' The spurious responss relection ls expressed as the level in 4B
O of the input voltage of an unwanted signal and the input voltage
of the wanted signal when the SINAD(F}-ratic of 20 4B, as mentionad
above, is obtained.

The transmitter shall be unmodulated during the test.

2.3,10.3 Requirement

i The spurious response rejection shall be at least 70 4B,

2.3.11 Intermedulation rejection

2.3.11.1 Definition

The intermodulation rejection iz a measure of the capabllity of
the recaiver to recelve a wanted signal without exeeeding a glivan

degradation dus to the presence of two unwanted high level signale.
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2,3,11.2 Method of measurement

Thraz signals shal} be applied to the antenna terminal viz a
combining device., The wanted aignal A shall be tuned to the nominal
fraguency of the receiver and medulated to normal test modulation.
The unwanted signal B shall be tuned to a frequency 50 kHz above
the nominal freguancy of thé wanted sional and shall be unmodulated.
The unwanted signal € shall be tuned to a fregquency 100 kHz above
the frequency of the wanted signal and be modulated with a 400.Hz
m tone to & freguency deviaricn of M 3 kHz.

The lavel of the wanted signal A shall be adjustad tc 3 dB {I uv)
E.M,F. The level of the two unwanted signals B and C shall be main-
@ tained equal and increased in level until the SINADIP)-ratio

measured at the wvolece output clrcult is 20 4B,

The frequencles of signals B and € may bs slightly adjusted to get
maximum degradation of the SINRD(P)-ratic and thair levels adjusted
again until the SIHAD{P)}-ratilc is again 20 dB.

The measurement shall be repeated with the two unwantad glgnals B
-and C tuned to 30 kHz and 100 kHz, respectively, below the freguancy

of the wanted aignal.

_ The intermodulation rejection iz expressed as the leval in dB of
| @ the unwanted eignals and the wanted signal when the SIMAD(P)-ratio
' of 20 dB as mentioned above, is obtained. The transmitter shall be

unmadulated during the taest,

' 2.3.11.3 Requiremesnt

The intermodulaticn redfection shall not be less than 67 dB.

2.3.12 Blocking

2.3.12.1 Definiticn

i - Blocking is a change (generally a reduction) in the wanted cutput
power of a receivar or a reduction of the SINAD{P)-~ratic due to an

unwanted signal con ancthay frequency,

2.3.12,2 Hathnﬂ of measurement - _ i

Two input signals shall be applied to the antenna terminal via a
combining device. The wanted signal shall be at the nominal frequency
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of the receiver and shall have normal test modulation. Initially the
unwanted signal shall be switched off and the input level of tha
wanted signal adjusted to 3 dB {1 uV] E.M.F,

Where possible the output power of the wanteﬂ slgnal at the voice
output circuit shall be adjusted to 50% of the rated cutput powar :
and in the case of stapped volume controls to the first atep that .
provides an output power of at least 50% of the ratad cutput power,

i 0 Then the unwante_d signal is switched on. The unwanted signal shall
be unmodulated, and the frequency shall be variad between + 1 MHz
and + 10 MHz, and alsc between - | #Hz and - 10 MHz, relative to

i the nominal freguency of the receiver. Tha input level of the unwanted

} @ signal, at all freguencies in the gpecified ranges, shall.' be adjusted

such that the unwanted s=ignal causes:

al a reduction of 3 4B in the auvdis freguency ocutput power

of the wanted signal, or

b} a reduction of the SINAD(P)-rxatio to 20 4ae
1

whichever cccurs first.
This input level is the blecking level at the frequency concerned.

_ The moblle station transmitter shall be unmodulated during the
i D test.
2.3,.12.3 Regulremant

i ’ . The blocking level for any fregquency within the specified ranges
- shall not be less than 90 4B (1 uv} E.M,F. except at frequencies

whare spuricus responses are found,

2,313 Spurious emissions

. 2.3.13,1 Definition

gpuricus emissions are any emissions from the recelver and the

trangmitter in carriesy "off" condition.

The level of spurious emissions shall be measured as:

" a) thelr conducted power level in an artificial antenna

and
b} thelr effective radiated power when radiated by the cabinet

|
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October 1979

- 15 =

and structurs of the equipment {also known as
"gabinet radiation"}

Methed of measuring the conducted power

conducted spuricusz emissicns shall be measured as the power of

any discretas signal at the antenna terminal of the mobile station.
The antenna terminal is connected to a spectrum analyzer or selective
voltmeter having ap input impedance of 50 ohms and the recelver is

gwitched on.

1f the measuring receiver is net cal ibrated in terxms of absolute
power, the powar of any detrcted components shall be determined by

a substitution method using a signal generator.

The measurements shall be carried out within at least the freguency

range 100 kHz tc 2000 MHz.

.

Method of measuring the effective radlated power

tn a test site fulfilling the requirements of paragraph 1,3.11 the
gample shall be placed at the specified haight on a nen-conducting

a radlo-frequency filter to avoid radiation Erom the power leads,
The antenna terminal shall he connected to a 50 nhﬁ ragistive load.
Radiation of any spurious components shall ba detected by the test
antenna and measuring receiver OVer the frequency range from

30 MHz to 2000 MH=z,

At each freguency at which a spactral component is detacted, the
sample shall be rotated to obtain maximum response and the effective

radiated powsr of that component ghall be determined by a substitution

The measurcment shall be repeated with the teat antenna in the '

orthogonal polarization plane.

Requirement

The power of any spuriocus emission in the specified range of

fraquencies shall not exceed 2.0 nW.
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Harmonic distortion ratio

pefiniticn

The harmonic distortion ratio at the volce output circuit is the
¢.m.8. value of the voltage of all harmonics divided by the r.m.s.
value of the total signal valtage.

Meathod of measurament

Test signal of 60 @ (1 uv) E.M.F. and 100 @B {1 uV¥) E.M.F. at the
nominal frecquency of the receiver shall be applied succesgively to

the antenna terminal.’

At each measurement the volume control of the receiver shall be
set in such a manner that the power at the volce cutput clrcuit

is equal to the rated cutput power of the receiver.

The test signal shall be modulated successively with 300, 500 and
1000 Hz tones to frequency deviations of 0.9 KHE, I 1.5 kHz and
: 3 kHz respectively.

Under extreme test conditions tests shall ba carrled out at the
nominal frequéncy'of the receiver as well as at plus and minuas
1.0 kHz from the nominal frequency. In this ¢ase the input signal
ip modulated only with a 1000 Hz tone to a freguency deviation of
: 3.0 kHe. '

The transmitier shall be unmodulated during the test,

Regquirement

At all audic frequencies used in the measurement and under all test

conditions the harmonic distortion ratio shall not exdeed 54.

Relative audio frequency intermodulaticon product lewval

Definition

The relative intermodulation product level is the ratia, expreased
in 88, of the layal of an unwanted component of the cutput signal
canged by the presence of two modulating signals as a result of
nonlinearity in the receiver, to the level of one af the wanted

cutput signals measured at the voice output circuit.
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Methed of measurement

Two audie fregquency generators 4 and 8 shall be conmected via a
conbrining device to the modulation input of the radie frequency

signal generator.

ddjust the radic-frequency test signal to the nominal frequency
of the receiver and the teat signal lewel successively to 20 dB,

60 4B and 100 4B {1 u¥} E.M.F.

In the absance of an output from avdio-~frequency generator B,
adjust the audio-frequency generator A to produce a ! 2.3 kHz
frequency deviation at a medulation frequency of 1000 Hz. Where
possible, adjust the output power to 50% of the rated ocutput powar,
In case of stepped volume controls the first step that provides an
cutput power af at least 50% of the rated output power shall he

uged, Record the cutput level of generator A.

Reduce the output of generator A to zero and adjust the output of

+
generator B to produce a - 2,3 kHa frequency daviation at a

modulation frequency of 1600 Hz.

' Restore the output of generator A to the level recorded and measure

the level of the 1000 Hz component and of the lntermedulation

products at the woiles output circuit.

The tranemitter shall be unmedulated during the test.

Reguirement

The relative audic frequency intermopdulatieon product level sheil

not excesd - 20 dB.

Ampl itude characteristic of the receiver limiter

Definition

Tha amplitude characteristic of the receiver limitar is the
relationship between the level of & specified modulated input signal
and the level of the sudlo fregquency signal at the cutput of the

racelver,

Method of measurement

2 gignal at the nominal frequency of the receiver with normal
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tast modulation and at a lavel of 3 4B {1 u¥) E.M.F. Ehall be
applied to the antenna terminal. Where possible the audlo frequency
gutput power shali be adjusted to 25% of the rated putput power.

In case of stepped volumé control the first step that provides an
output power of at least 25% of the rated cutput power shall be
used. The input signal shall be increaged to 100 88 {1 uv} E.M.F.

and the audic frequency output pnwer ghall ‘he meagured again.

2.3.16,) Regquirements

'jﬂ) @ At the change in the input poWer specified above the change in
' the cutput power shall not gxceed 3 4B,

DjD]:_’ O 2.3.17 AM-supprassion
| 2.3,17.1 pefiniticn

aM-suppression ls the eapability of the receiver to SUppress
amplitude modulated signals. It is expressed as the ratlo in dB
af the sudlo power at the voice output circuit with normal test

modulation to the audic power with a gpecified amplitude modulaticn.

2.3.17.2 Hethod of maasuremant

i A test signal at a level of 20 d8 (1 wv) and 60 a8 {1 u¥) E.M.F.
at the nominal frequency of the receiver ‘shall be applied to the
ﬂil[iO antenna terminal suceessively. The signal shall initislly have
| normal test modulation and the recoiver cutput power shall be set
to the nominal output level. The normal test modulation shall then
| be replaced by amplitude modulation to 30% with a 100C Hz tone.
4]1‘. The audic power shall be measured again, It may be necessiry to

make thlis measuremant with & selective voltmeter.

2.3.17.3 Reguirement

The AM-suppression shall not ke less than 30 4B.

2.3.18  Hgise and hum

2.3,18.1 Definition

The "noise and hum" of the receiver {s the ratio, expressed in 4B,

i : of the audio fregquency nolse and hum level resulting from the

spurious effects of the power supply gystem or from other causes

: ' to the audio frequency power produced by a medium-level RF signal
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modulated by normal test modulation applied to the antenna terminal.

Method of measurement

A test signal at a level of 30 dB {1 uV) E.M.F. at a crrrier
frequancy egual to the nominal fregquency of the receiver and
modulated to the normal test medulation, is applied to the antenna
terminal. A psupﬁamétric fiiter is connected to the voice cutput
circuit. The audio freguency output power control, 1f any, ghall
be adjuated to the rated output power.

The output signal is measured by a r.m.s. voltmeter.

The modulation is then removed and the aundic frequency cutput

level measurement is repeated.

The measurement shall be repeatad using the same method as above

but without the psophometric filter.

The cutput signal iz measursd by means of a peak-to-peak voltmeter.

Regquirements

With the pscphometric filter the racelver "noige and hum" ratio

shall not exceaed -~ 40 dB.

Without the pecphometric filter the recelver "noise and hum"
ratic shall not excesd - 20 4B.

audio fregquency respolse

pafinition

The audic frequency response of the raceiver expressed the variations
of the audio fregquency output level as a function of the input signal
modulation fregquency at the input.

Method of measurement

A tast signal of 60 dB (1 uV) E.M.F. at a frequency eguial to the
nominal fregquency of the recelver is applied to the antenna teminal.

The test signal shall have normal test modulaticn.

Where peasible, the cutput pawer shall be adjugted to 50% of the
rated cutput power. In cass af_ateppad volume control the first

step that provides an cutput power of at least 50% of the rated
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output power shall be used. This setting is not altered during
the test.

The frequency deviation at 1000 Hz is then reduced to : 1 kHz.
The frequency deviation is maintained constant while the modulation

frequendy is varied between 20 and 5000 Hz.

The measurement is repeated with a test signal having a frequency

equal to the nominal frequency of the receiver plus or minus 1.0 kHz.

) . -
@ The transmitter shall be unmodulated during the test.

2.3.19.3 Requirement

m—

ﬁ’ The audio level relative to the value at 1 kHz at constant frequency

deviation shall be as given in Fig. 2.3.

N as1 Receiver cudio output level
as @ function of moduviation . :
freguency at constant ' . i
frequency deviation :

s —

el
.
. -
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e e e e — — e

. 4 = —
© do 300 1000 3000 400 4000 Modulation frequency Hx

Pig. 2.3

Receiver audio output
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2.3.20 Recelver audic muting
An output muting device controllad by the Logic and Contzol Unit

shall be provided. The muting Aevica shall be rapable of causing
at least 40 48 of attenuation in the audic path.

mfgg'. '

) @
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3, DPERATIONAL CONTROLS UNIT

The Operational Contrels Unit iz the interface between the user
and tha NMT-system. This functional unit includes a handset,
hands-free capability, and all mobile station controls, indlcators
and tone mignals with which the uszer interacts.

3.1 Mobile telephone mumber_(identification)

s el WY o et i ] S

The mobile station i1a identified by a 5 digit moblle telephone

i
*")1 {’ number: xl_..xﬁ, and an additional code I gesignating the country.
f The complete identification on the radio path i# thus 2X,...H;.

Hi - This number shall only be changeable by means qf modifications
0)1 @ inside the mobile statlon at a gqualified service level, Such changas
; . can only be authorized by the Telecommunications Adminiatration.
4 plate which shows the assigned 6 digit mcbile telephene numbey
i xl"'xﬁ shall be visible to the user.

3.2 anuff_Ewitch_

vk o ——— s

on/off switch shall be provided to switch the power on or off.

3.3 Handset.

-t —

ﬂ } A handset shall he provided. The microphone in the handset shall
M[ ’ be of the linear (nom-carbon} type, €.9. electrodynamic, electro—
magnetic or electret. The handset shall net include a sidetone

circult.

The handset may also include visuwal indicators, control swltchesa
and push-buttons. All indigations shall ke visible and all switches
and buttons shall be avallable for operation also when the handset

iz on heook,

3.3.1 Handset transmitter (microphone)

3.3.1.1 Sensitivity

The senszitivity of the microphone must be such that if an acoustic
aignal of 1000 Hz is sapplied to the microphone with a free field
sound pressure level of 94 dB above 2 X 10”3 pascal, the frequency

deviation of tha transmittexr frequency shall be betwean 3.0 and
L.5 kHz. )
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3.3.1.2 Frequency response

. With the exception below, the acoustic-to~-electric frequency response
of the handset transmitter must fall within the template shown in
Fig. 3.1 when the handset is terminated in the impedance declared

: for the voice input terminal according to 1.3.2.3.

However, the acoustic-to-electric response may fall outside the
tolerance area in a maximum of three arbitrary nonadjacent frequency

| intervals, each having a width of one-third of one octave (i.e. the
»® -

ratio between the limiting frequencies of such an interval is
1.26). '

e

g

Fig. 3.1

Handset transmitter acoustic-to-electric frequency response.

3,3.1.3 Harmonic distortion

For measurement of the harmonic distortion, an acoustic signal
with a frequency of 1000 Hz and a sound pressure of 94 dB above
2 x 10~° Pascal is applied to the microphone.

The harmonic distortion of the signal delivered into an impedance
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equal to the impedance of the voice input circuit as declared by '

the manufacturer shall noct exceed 5 per cant,

Handset recelver

Measurements on the handset recelver shall he performed using an
accustic coupler {("artificial ear") cnmplying:with CCITT Bec, P.51,
Tha zound level of the handset receiver shall not he affected by

the setting of the loudspeaker volume control (if so egquipped]. 1f

the handset iz egquipped with a sound lewel volume control it is
racopmended that the range of adiustment is - 10 dB to + 15 4B
relative to the nominal satting of the volume control, The requirements
in the fellowing paragraphe refere to the case when the volume control

iz et to its nominal position.

Eenaitivity

When an electric =zignal of a freguency of 1000 Hz and a level
corresponding to an RF deviation of T3 kHz 1s fed to the handset

via an impedance egual to the impedance declared for the wolce output
circult, the sound pressure leval inte the acuusﬁic coupler shall

te in the range 83 - 95 45 above 2 = 10“5 Pascal. '

Fraquency respenéa

With the exception below, the electrig-to-acqustic freguency responss
of thea handset receiver must fall within the template shown in
Fig. 3.2 whan the handeet is fed via the impedance declaxed for

the woice cutput terminal.

However, the acoustic-to-electric frequency response may fall
cutslde the tolerance area in a maximum of three arbitrary,

non-adjacent freguency intervals, each having a width of one-third

af une octave.
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Fig. 3.2,
Handset receiver electric-to-acoustic
. frequency response
3.3.2.3 Barmonic distortion
For measurement of the harmonic distortion, a signal of frequency
of 1000 Hz is applied to the handset :eceivei via an impedance
equal to the impedance of the voice output circuit at a level
+
corresponding to an RF deviation of - 3 kHz. The harmonic distortion
shall not exceed 5 per cent.
3.3.2.4 Maximum sound level of handset receiver

3.4

To protect the user from ear damage, the maximum impulsive sound
level from the handset receiver shall not exceed 120 4B above

2 x 10-5 Pascal. This requirement shall be valid for any operating
condition, any setting of controls, and any combination of modulating

frequencies and medulation indexes.

"Hands-free" operation - "Hands-free" button

Operation of the mobile station in "Handset” mode as well as in

"Hands-Free" mode shall be foreseen. For this purpose the mcbile

~ equipment shall permit simultaneous connection of a handset as well
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ag & fixed mounted microphone with a assoriated loudspeaker.

Furthermore a special "Hands-Pree™ button shall be provided,

In cagse of a mobile installation for both operation modes the
i; following regquirements shall ke fulfilled:

' - & =meparate "Push-to-talk" button shall be proviged.

Pressing thiz button shall in hands-free mode:

' - open tha microponone sudic path, and

- close the loadspeaker audio path,.

The audic path shall be connected to the handset or, alterpatively
to the fixed microphone and loudspeakey, depending on the meode.

o The functions under different conditions are gilven in paragraph
Wi P 4.6,
The sensitivity of the fixed microphone If so equipped shall be

set by the manufacturer. The user shall have no access to any
sensitivity adjustment. Regarding portable mobile staticns referencn

ia made to annex I.

3.5 Volume Control

If an additional loudzpeaker s provided, an audio volume control
shall be provided. The wvolume control should provide ain adjustment

range of at least + 15 4B to - 10 4B relative to the nominal sound

not be poszible to close the fegeiver audio path, l.e. the minimun

@)]E ’ level. With the mobile station in the "Hands-Free mode" it shall

setting of the volume control shall still permit the user to notice

when speech {of a normal level] iz present,

3.6 Switch hook

' A switch hook device shall ba provided to indicare to the Logilc
and Ceontrol Unit whether the handset 1s on-took or sff-hook.

| ’ 3.7 Dialling facilities

3.7.1 Push-button set

4 12-button set shall bhe provided:

~ 10 digit butteons (1,2,3,4,5,6,7,8,9,0)

- and buttons for * and ¥
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The buttons shall be arranged in accordance with one of the

arrangements shown below:

a) 1 23 b}y 789
456 456
7809 123
* 0 0 * ¥

e} 1 2 d) 1234 5w
34 6 T8 9 0
5 6
7 8
90
* ¥

For special purposes & 16-button set may be used. The buttons

. shall be arranged in accordance with one of the arrangements shown

helow:

e) 1233 £) 789D
4568 456¢C
789C 123B
* Q ¥D 0o *#a

gl 2 h) 12345 *AB

34 67809 04cCD
56

78
9 0
+ ¥
. A B
cD

Note:

In Finland, Sweden and Noxway one of the alternatives a, ¢, d, ©
g or n shall be used. '

In Denmark one of the alternatives b,c,d,f,g or b shall be used.

The push-button set shall be available for use in “on-hoqk“

condition.,
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It is recommended that the area of the button should be at least
2 -
1 em“ and that the space between the centres of two adjoining

buttons should be at least 16 mm.

The push-button set shall be designed in such a way that the
gubscriber easily can notice that a button has been pushed. For
example by excursion {0,5-3 mm) and resistive force (0,6-1,2 Newton)
or combined with a digit display. For traffic gafety reasons the
buttons shall be easily discernible and manoeuvrable even in

poorly illuminated surroundings.

Dialled digits memoxry

The MS shall be provided with a dialled digits memory with a storage
capacity of 16 digits. A digit memory indicator or a display shall
be provided {see paragraphs 3,10.4 and 3.11.2).

e e i e i S =

Ringing signal

An acoustic ringing signa2l having a duration of approximately
{ sec shall be provided to infoxrm the user of an incoming call

The ringing signal shall be generated locally in’ the mobile station
and be activated by a ringing order from the Logic and Control

Unit (Frame 5.a{L=9) in signalling scheme MTX —» MS) .

Malfunction alarm

An a&oustic signal different from the ringing signal shall be
generated locally when the MS is not able to finalize the call
attempt i.e. when the MS due to malfunction has left the traffic
channel and is locked to or searching for a calling channel. The
signal informs the user that he shall replace the handset or press
the Hands-Free button depending on mode. The user may now make

a new call attempt.The malfunction alarm shall slso be activated

if the user initiates off hook when the MS is in signalling

scheme D (rosming information},
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3.9 Country selector

—— o — —— ——— — oy -,

a country'selectbr shall be provided which determines a group of

traffic areas (corresponding to the mobile telephone network of

one country} which the mobile station communicates with. The traffic
area groups are characterized by YI in the traffic area numbér
Y1Y2 as shown in the table below.
.ﬁmﬁ @ Value of Y1 Country
: 0000~-0100 Spare
; 0101 _ Denmark
ﬁm{ @ . 0110 Sweden
0111 Norway :
1000 Finland ?E
_ 1001-11t1 Spare ' o

The mobile subscriber selects country manually when travelling
from one country to another. It shall be possible to select at least

" the values of Y1 correspeading to the four countries mentioned above.

The selected country shall be indicated and be clearly visible to the

user whenever the MS is in "power on" conditicn.

ﬂ@ra The information about the selected country (Y1) shall be memorized
for at least one week when the MS iz in "power off" condition,

See also paragraph 5.2,1.1,

3.10 Visual indicators

i i . A T 2 T T

The following visual indicators shall be provided.

3.10.1 on/off indicator

The "cn/off indicator" informs the user whether power supply is
actually applied to the MS or not (e.g. by means of push-button

illumination).

The indicator ({(illumination) colcur shall be white.
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3.10.2 Sexrvice indicator

The "service indicator" informs the user that the MS is locked te
a calling channel. The indicator shall be switched off when the MS
loges the locking to the calling channel.

The indicator colour shall be green.

i _
l 3.10.3, call received indicator

The "call received indicator" informs the user that a call has been

0o |
@29' received. This is controlled by the Logic and Centrol Unit,

The indicator shall turn off when the handset is lifted or the

[mmtfg "Hands-Free" button is activated.

The indicator colour shall be yellow.

3.10.4 bigit memory indicator a

If a display is not supplied, the MS shall be provided with a

"Digit memory indicator".

The memory- indicator tells the user the state of the dialled digits
memory and shall coperate in the followlng way:

- As soon as the dialled digits memoxy has received the first diglt,

m‘m the memory indicator shall be "switched on"

- The memory indicator shall be "switched off" when
. all digits in the memory have been sent to the MTX or,

‘ﬂﬂ!m ' . the user has applied a “cancellation procedure" during dialling. 7

The indicator colour shall be white, i

03.10.5 Roaming alarm indicator

The "roaming alarm indicator” -informs the user that the automatic
updating procedure has not been successful. The user may then repeat
the updating procedure by lifting the handset or pressing the

ngands-Free" button. .%

The “"roaming alarm indicator” shall be turned off again as soon
as roaming updating confirmation is received, The user then replaces

the handset or presses the "Hands~Free" button. _ ﬂ

The indicator colour shall be red.
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- Supplementary facilities

"Abbreviated dialling”

The “Abbreviated dialling" may be included in the MS as an
abbreviated number store provided that the signalling procedure from

MS to MIX during setting up a call is in accordance with the proce-
dure specified in NMT Doc. 1.

The recommended procedures are given in paragraph 4.8,

Display

1f a dialled digit display is provided the number of displayed digits
shall be at least 8, but 16 digits is recommended. The last selectad
digits shall always be displayed. In addition to the digits 0 - 9,
the display shall be able to handle * and 3.

"If the MS is so equipped, it must also be able to handle the

characters A - D,
]

The figures of the dispiay must be ¢learly visible and in a normal

" installation a figure height of 7 - 8 mm is preferable. The

possibility to adjust the brightness of the display is also

advantageous.

Datﬁ transmission from MS

Data transmission may be possible via the push button set already
available in the MS. In this case the 1200 bapd PFSK signalling
from MS is converted to MFT signalling by-means of:an MFT converter:

in the MTX. Svesifications may be issued at a later dates.

Possible cother facllities

The mobile station may be provided with other facilities, e.q.

possibility of connecting separate data modems such as the modems

already in use in the.telephone networks.
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4. OPERATIONAT. PROCEDURES

In the following operational procedures it is presumed that the

MS has gone from "power off" to "power on" condition.

e i e . e A . e L S e

State: Power "on", on-hook.

* User action MS-Responsge
m@ pial digits on Digits stored in dialled
push-button set digits memory
Lift handset or Service indicator "off"
press "Hands-Free' (if activated) _
@K@ button ' MS hunts for free traffic
channel - when found,
digits are transmitted to MTX
{Answer)
(Conversation) (Conversation)

4,2 ~ Answer call from MTX to gg

e i

State: Power "on", on-hook, service indicator "off", ringing

gignal, call received indicator "on"

User action MS—Response
@‘. Lift handset or press Ringing signal stopped ' ’
"gands-Free" button call received indicator "off" f

Speech path through-connected
for conversaticn

ﬂﬂ. (Conversation) (Conversation)

or

State: Power "on", off-hook, service indicator "off", ringing

signal, call received indicator "on", malfunction alarm

User Action MS-Response ?
Replace handset Malfunction alarm stopped ﬂ
Lift handset or Ringing signal stopped !

press "Hands-Free"” button call received indicator "off" it
speech path through-connected i
for conversation :

(Conversation) {Conversation) -
|
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4.3 Call clearing_

. »
state: Power "on", off-hock, service indicator "off", speach

path through-cannected

Uger Action MS-Rasponse
_ Replace handset. or . audloc path-disconnected
press "Hands-Free" button M3 back to ptandby
Sl @ e Unsuccessfull call attempt or interrupted cail

State; Power "on", off-hook, service indicatoer "on'",

malfunction alamm

Oser Action MS-Responas

Replace handset or press Malfunction alarm stopped

"Hapnda-Free" button Ms ready for new call attempt
4.5 ' Manyal roaming updating

- -

State: Power "on", on-hock, roaming alarm

User Action MS-Response

Lift handset or preas gService indicator "off" (if activated).

"Hands-Frea" button Roaming alarm turned off (when roa-
ming updating confirmation is received
from MTZ)

Replace handset or press M8 hack to standby

"Hands-Free" button




Cctober 1979

- 54 -
4.6 "Handset” and "Hands_Free! operaticn
State User's action MS action
Handset "on-~hook" Handset "off-hook" Call MS =—p MTX
(M5 standby) ﬁ or “Hanc‘is-_—Free" _ # i_n:_i.tiated
no roaming alarm button pressed
Handset "on-hook" Handset "off-hook" Call MTX —pMS
{call MTX —p MX ::5 or "Hands-Free" ==$ answered
recelved} button pressed |
| ® - *
mg . Handset mode — Handset "on-hook" => Call cleared
' Handset "off-hcok" «| "Hands-Free" button Transfer to "Hands- ;
{conversation) > pressed L 5% Free" mode |
N . . — :
{"']l @ "Hands-Free" mode : Handset "on-hook" : N¢ acticn ;
Handset "off-hook" . "Hands-Free" button Call cleared i
(conversaticn) - pressed . :
"Hands-Free" mode > Handset "off-hook". == Transfer to handset
mode ' -
Handset "on-~hcok™ 5] "Hands-Free" buttonﬁ Call cleared
(conversation} 71 pressed. .o .

'gands-Free" mode is conversation by means of the fixed mounted
' microphone and loudspeaker utilizing the "Push-to-talk" button.

"Bandset" mode is conversation by means of the handset.

4.7 Country selection
@]]li @ ' User Action MS-Response
Select country on country MS accepts only traffic areas
selector ' Yin of that country
v 4.8 Abbreviated dialling (Supplementary facility) ,
_________________________ gyt 4 == ;

The procedure of using the abbreviated number store is to be decided
by the manufacturer, héving in mind that the possibility of chang-

ing the content by mistake shall be as small as possible.

If the push-button set in the MS is used for programming, cancellation
and check of the content of the number sender, and for activating

the number sender during a call set-up, the following procedu'res
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'shall be used:

State{ Power "on", on-hook

User action

ODctober 19/9

MS-Response

Prcgramming

- *
Dial -*X X, slsz..sn#

cancellation
Dial - #X %, #

k

Check (if display is
available)

Dial - x1x2

-#

-#

Activation of the
abbreviated numher store

Dial the abbreviated number
XX,
Dial #

Lift handset or press
“"Hands-Free" button

{Conversation)

Digits stored in dialled digits
memory

The telephone number S1S2"'Sn
is stored in the abbreviated
number store. Dialled digits
memory is cleared. '

Digits stored in dialled digits memory

Cancellation is ddéne for this
abbreviated number in the abbreviated
number store,

Dialled digits memory is cleared.

Digits x1x2 is shown on the display

The corresponding telephone number

is shown on the display. The last
digits are displayed if the telephone
number is longer than the display
capacity.

The display is cleared.

pPigit X X, are stored in dialled
digits memory.

The actual telephone numberx
corresponding to the abbreviated
number is stored in dialled digits
memory.

Service indicator "off"

MS hunts for a free traffic channel
- when found, digits are transmitted

to MTX.
{Answer)

{Conversation)

1

X x2 {or. only xl) is the abbreviated number, and

S1S2""Sn is the corresponding telephone number-

The code ﬁt* indicates that a programming/cancellation in the
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abbreviated number store shall be done.

Cancellation of wfong dialled information

shall be done by dialling F#,

Eialled digits memory

The dialled digits memory shall store the digits dialled by the
user in on-hook condition. This includes also * andi&

and if =o equipped even A to D.

The memory shall be cleared when

- all the digits have been sent to the MTX
- the user has applied a "cancellation procedure” {##)
during dialling,

Repeated call atﬁempts {tc the already dialled and stored address)
may be performed, but neither automatically nor by lifting the
handset or pressing the '"gands-Free” button. A pessible solution
in the MS is to dial a special abbreviated number (e.g. OF) to
restore the last dialled number in the dialled digits memory.

The NMT system will be equipped with many facilities realized in the
MTX. Scme of them can be controlled from the MS via its push =button
set. Therefore the push-button set must not be used for other
internal procedures than specified in para. 4.8 and 4.9 without

approval from the Telecommunication Adninistration.

This notwithstanding, the MS may be equipped with a local mode
intended for use by service personnel, It must not be possible

to enter this mode except by use of a switch inside the MS cabinet
not accessible to the subseribver,

In this mode, procedures for use of the push-button set may be
decided by the manufacturer, Any information that has entered

the MS in local mode must be deleted when returning to normal mode.

yp2c*
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LOGIC AND CONTROL UNIT

General

The Logic and Contrxol Unit functions as the master control for

the mobile station and encodes and decodes the digital signalling

used on the radio path and decides the appropriate actions to be

taken.

The main functions to be carried out by the Logic and Control Unit

are mentioned in paragraph 1.2.3.
The content in this chapter describes how these functions shall be

carried out and consists of:
- task descriptions

- input/output state relations, and
- explanatory flow diagrams which are included to supplement

the understanding of the signalling procedures specified in

NMT doc. 1.

Requirements for the signalling equipment in the MS is covered in
NMT doc. 1. Additional ,signalling requirements relating only .
to the MS is covered in this chapter, and chapter 6.

Task descriptions

All tasks are overruled by Autonomous timeout as described in

' paragraph 5.6.6.

Stable states

In the following, three main stable states of the MS are described:

- off condition

- standby state {on hook or electrically on hook)

and

- cohversation state

The procedures to be carried out by the Logic and Control Unit
depends on,

- in which of these stable states the MS is at the

outset, and
- to which stable state the MS is ordered by the user or

the MTX
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Pransferring the MS from one stable state to another is described in
the signalling procedures in NMT doc. 1, the input/output state

relations (5.3) and the explanatory flow diagrams {5.4).

OFF condition

The MS is in OFF state when the ON/OFF switch is turned OFF or if

the voltage supplied to the MS falls below V volts (as specified

by the manufacturer}. In this state no external power shall be applied
to the MS. In off condition the following information shall be

stored in the MS: |

- the traffic area number Y1Y2 vecorded and stored at the moment

the MS was switched OFF,
- the reoaming alarm status information, and

~ preprogrammed addresses (numbers) in the case the MS is equipped

with "abbreviated dialling” facilities.

This information shall be maintained in the OFT condition for at

least one week.

¥ . -

Standby state

In thisz state the MS rests on a calling channel with valid traffic
area number and calling channel mark 4for combined calling/traffic
channel mar§7 and the channel number is the same as in the RF-

synthesizer. The MS is ready for reception or initiation of a call.

If the MS loses the lock to the calling channel according te

NMT doc. it starts the search for calling channel

procedure {(see paragraph 5.2.3.3).

The identification match is checked conce per frame. If the s
receives identity in frame 2a it leaves the standby state and enters

the signalling scheme B.

If the user initiates a call, the MS leaves the standby state and

enters the search for traffic channel procedure {see paragraph 5.2.3.4).

cshall store this channel number for use when the call is finished.

In the standby state the service indicator is activated.
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5.2.1.3 Conversation state

The MS reaches thé conversation state after completion of signalling
schemes A, B or €. In this state the speech path is through
connected in the MS and the supervisory signal is leocped back to

BS. The data receiver is engaged in order to receive channel ordexr

or clearing from MTX.

The MS leaves this state upon input either from usex or f£rom the

signalling from MTX. I1f the user terminates the call and replaces

the handset, the M5 closes the speech path and the supervisory

signal loop and enters the clearing sequence from MS.

@]F ? If the MS receives release order  the speech path and the super-
_ visory loop are closed, and the MS enters a clearing sequence

from MTX.

The state is alsc left if the MS receives channel order, and
then enters signalling scheme C. Thig will turn the MS back.to

conversation state afterwards.

5.2.2 DC power start up

The power start up task shall be executed whenever the battery
voltage to the mobile station changes from below V volts to above
@l 3 - v volts. The value for V is stated by the manufacturer..

The power start up task shall

@h@ - place the transmitter in the carrier-off state

~ place the transmitter and receiver audio circuits in the muted

position

- clear all the registers except Y1Y2, roaming alarm status

and preprogrammed addresses

- start the search for calling channel procedure (see para. 5.2.3.3).
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5.2.3 Search for channels

5.2.3.1 Definitions

valid tratffic area numver is the number of the traffic area where

the M5 is roaming updated.

The initial channel is the channel on which the MS starts scanning.

Scanning is to look systematically (one by one} for an RF .
channel according to the requirements in paragraph 5.2.3.2.
A scan is cne complete search through all 180 RF channels,

@IH@ "glectrically cn hcok" is the state where the MS is internally

"on hook" although the handset is not in its cradle. The state is
released by replacing the handset to the cradle.

Roaming flag set is the state where the ¥S searches for a free

marked traffic channel in the new traffic area in oxder to execute

roaming updating (scheme D} .

5.2.3.2 cChannel acceptance procedure

This section contains the requirements for accepting a calling

channel or a free marked traffic channel.

When the MS stops the receiver on an RF channel N it shall check
whether the channel is modulated with an FFSK signal or not. If
no FFSK signel is detected within 20 ms the receiver goes to
channel N+l. The specified 20 ms includes the channel switching

time.

.If an FFSK signal is detected the MS shall check that there is
a match between the received channel number information and the
@]@ . synthesizer setting. Then the Y1Y2 shall be checked. Y1 shall
match the setting of the country selector (see paragraph 3.9).
Y2 chall be checked for a match with the stored traffic area
information. The MS shall check that the relevant channel mark
L is received. If there is a mismatch in the check the MS shall

switch to next channel. All these checks shall be carried out in

Tt (two frames) after switching to the channel.

After the channel has been accepted the criteria to continue

to be locked at the channel is that N1N2N3 P(12) Y1Y2 is

received regularily. However, twc complete frames can be lost

betwean two correct frames.
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Search for calling channel

This procedure is initiated after DC power start up or if the

MS goes mechan*calAy or elestrically on hook.

Whenever the MS enters this procedure after leaving a signalling
scheme (A,B,D and clearing) or standby state, it shall start the scan

on the previous calling channel.

Entering this progedure frum any cther state, the MS shall start
the scan from any channel as initial channel. For each channel the
MS shall execute the channel check described in paragraph 3.2.3.2.
when a calling channel with a valid traffic ares number ig found,
the M5 shall lock to this channel and ge¢ to standby.

During the first scan the MS EEE&%_%EEEéE a channel which has

an RF level ab~ve 2h dBuV and it shall reject channels vhich have
RF level- below 16 dBuV. ‘

1f a new traffic area number YiYE (within the same traffic area
group Y ) is detected, the M3 shall enter the state test for
roamlng. The MS shall however continue to search for the previous
traffic area number Y1Y2 {stored in M$) during two complete scans.
TIf ¥.Y. ig not detected, the M3 shall search for and accept any

172

Yl o including the previous Y1Y2 When a new Y1Y2 is accepted, the
M8 shall replace the stored YIYZ with the new YlYZ and enter the

state roaming flag set.
The MS shall then searxch for a traffic channel mark ¥, Y, to activate

signalling scheme b. After cempletion of signalling scheme D the
M8 shall return to the new calling_channel. If signalling =cheme
D is not successfully completed the MS shall enter the roaming

alarm state. Alsgo in this case the MS shall return to the new

calling channel.
If a mobile subscriber ‘initiates 2 call while the MS is searching

for a calling channel, the MS shall leave this procedure and start

searching for a traffic channel as described in paragraph 5.2. 3 4.

Search for free marked traffic channel

-The seérch.fbr.a fféé"marked traffic channel shall ;iért from a

channel selected at random. The purpose of this procedure is to
distribute the call attempis evenly among ail free marked traffic
channels. During the first scan the MS sh shall accept a channel which
has an RP lavel above 24 dBuV and it shall reject channels which
have RF level below 16 dBuV.

Free traffic channels are used when'éhtéfing signalling schemes a

and D. The particular tasks to be executed by the MS while running

_through these schemes depend cn the status information in the MS,

The different cases are described below.
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1 Signalling scheme A

If no free traffic channel is found during 15 scans, the MS shall

go "electrically on hook”.

A necessary condition for entering scheme A is that the MS is off
hook or the "Handg-Free" button is activated, There are three possi~

bilities depending on the status information.

1.1) No roaming flag, no roaming alarm
I.2) No roaming flag, roaming alarm

1.3) Roaming flag, no roaming alarm

I.1) This is the normal case for an ordinary call.
when the MS has locked to a free traffic channel

it enters scheme A,

1.2) In this case the MS shall accept any traffic channel which
is in accordance with the country selector. A successful
completion of scheme A will result in updating the MS and
a call may be placed. The traffic area numbex Y1Y2 belonging

to this channel shall be stored as the updated traffic area.

I.3i This is the case where the MS goes off hock while
searching for a free traffic channel as described for scheme
D (II.1). The M$ shall execute the actions described in I.1

and in addition update itself.

II Signalling scheme D

Scheme D is initiated only when the MS is on hook.

II.1 Roaming flag, no roaming alarm.

The M8 is in a state where—it has the information that Y1Y2 has

changed to YlYé' Tt shall now hunt for a traffic channel with a

traffic area marking Y 1Y'2 and enter scheme D.

1f the M5 deoes not £ind a free traffic channel within 15 scans, it

) .nd enters the search for calling channel procedure.

clears the Y1Y2
‘The information about the traffic area group Y1 shall not be cleared

in the MS.
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User initiated on-hook‘in the signal schemes

All signalling schemes where the MS is in off hook state are
overruled by on hoock initiated by the user,

If the MS goces on hook

« before sending identity on identity request, the MS shall
go directly back to last calling channel,

- after sending identity on identity request, the MS executes

clearing sequence.

- Input-output-state relations

General

The tasks described by chapter 5.2 are connected fo each other

by the different procedures and signallihg schemes. The input/outé
put state relations of the Logic and Control Unit are described in
a_state‘table. In those tables some of the signalling schemes. are
broken down to the level corresponding to the flowdiagrams. There=-

fore some additional logical states have to be defined.

- Wait for address complete

- wait for identity check

- Wait for channel order on calling channel
- Wait for proceed to send

- Wait for roaming updating conformation
- Transmit dialled number

~ Number selection

- Ringing

- Conversatiocn

- Clearing

= Release

State description

Walt for identity request

This is the state where the M5 is waiting for an identity request

{frame 3b) from MTX in order to be allowed to go on in signalling

gchemes A, B, C and D.

The state is overruled by a time out device set to T ms. If this

runs out the MS shall go:
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¥ .
- "Electrically on hook" and back to last calling channel fro

scheme A
- Back to last calling channel from scheme B

- Back to last old traffic channel in scheme C

- Back to new calling channel and activate the roaming

alarm indicator from scheme D.

Wait for channel order on the calling channel is the state which

is reached after receiving a call from MTX on the calling channel.
It Is overruled by a time out device, set to T ms which forces the

MS into standby state when run out,

Wait for proceed to send is the state in signalling scheme A, where

the MS waits for permission to send the stored dialled digits to
MTX (frame 5a {(L=3)). (It is overruled by a time out device set to
T ms. The MS shall then initiate MS-clearing {see 5.2.4) and goes

"electrically on hook".)

Wait for roaming updating confirmation is the state where the

MS is waiting in scheme D for a confirmation (frame Sa (L=3}) that
the roaming updating is regilstered in the MIX. This must be received
within T ms, otherwise the roaming alarm indicator shall be

activated and the MS shall initiate clearing.

Transmit dialled number is the state following the proceed to send

(frame Sa (L=3}) in scheme A.

Ringing is the state where the ringingforGEr from MTX is received,

and the user is alerted that there is a call.

All these states are overruled by reception of forced release from

MTY or time out in MS,

Note: T. = 1107 ms (eight frames)
! = 553 ms (four frames)
™Y = 30 %2,5ms

oYyt = 277 ms {two frames)
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5.4

5.4.1

S.d.2
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The flow diagrams in this paragraph are explanatory guidelines
only and are not exchaustive. They are not intended as datailed

design schemeas.

Standby (flowdiagram Fig. 5.2)

An explanation of the main principles in standby state is
given in paragraph 5.2.

call M5—* MTX (signalling scheme A) (Flowdiagram Fig. 5.3)

after locked to a traffic channel the M3 proceeds with the
nogl]l MS——& MTX" procedure. The following comments apply.

Transmit seizure

The M5 shall transmit seizure (two frames 10b) with start T after

the end of the received frame 1 a/b (see also paragraph 5.6).

Identity check recelwved

The MS shall receive indentity check {frame b} within T after
having transmitted the seizure (10b) above, in order to proceed
the call.

Transmit ldentification

The M5 shall transmit four frames 10b with start T'' after the end
af the received frame 3br above.

Digit transmission

The diglits in the dialled digits memory are transmitted continuously
after recwiving frame Sa (L = 3).

Turn off roaming alarm

When the frame 5a (L = 3) is received and if the rcaming alarm is
on, the M5 har been updated in the MTX and the alarm shall be turned
off.
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Open loudspeaker and migrophone

The speech path shall be opened when the M5 has receiwved
5a (1=3), However, the voice input cireuit (microphone} is

closaed during digit transmission (see paragraph 5.5.L).

Note: T = 1107 ms (eight framas)
T' = 553 ms {four frames)
T = 30 * 2,0 mB '

T = 277 ms {two frames)

ﬁ E’ 5.4.3 call MTAs—— M5 {signalling schems E} [See flowdiagram Fig. 5.4)

after having obtained 2 31..Xﬁmatch, the MS has to start the

"2all MTH—+ MS" procedursa.
) . D The following comments apply.

Transmit acknowledge |

The MS shall transmit a shortened frame 10a with ftart T'' after

the end of the received frame 2a. {See paragraph 5.6;.

* Received channel order .

The MS shall receive channel ordsr (Frame #b) within T after trans-

mission of acknowledge (10b) in order to proceed. The M§ changes
tep TC W NN .
abc

) ’ If no channel order is received, the M§ logic shall go back to stand-

by on the same calling chapnel as before.

Received identity chack

The identity check (frame 3b) must be received within T' after re-

ception of channel ordar (frame 2b).

Ringing order
Ringlng order (frame Sa (L = 9)) i5 received within T after trans-

) mission of identity check {(frame 3b). .

Wwhen reception of ringing order the M8 shall-éanerate ringing i

signal according to paragraph i.e.l.

1f no ringing order 15 received, the MS shall go back to stand by

after having sent M8 clearing to MTR.
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B=answey

When M8 goes "off hook' frame 13a (L = 14) shall be transmitted in T'.

5.4.4 MS clearing {Flowchart Fig. 5.3

When MS goes "on hook" frame 13 a (L » 1} shall be transmitted in
T'. Then M5 goea back to stand by on the same calling channel as

before.

5.4.5 Forged release from MTX {Flowchart Flg. 5.86)

when MS receives frams Sa (L = [5} it shall follow the same pProce-

dure as atated in paragraph 5.4.4.

?' D 5.4.6 Switching call in progress (signalling schema C} {Flowchart Fig. 5.7}

When the ME raeceivas a channesl order during conversation the trans-
mitter shall he stopped and the speech path shall be closed,

after storing H.N_N..

1 1 1
The MS changea to the new TC H 1N 2N 1Moty

3
If the change of channel fails for some reason (no identity check

r " "
on TC N 1N 2N 3} the MS goes back to the old TC {N1N2N31.

5.4.7 Updating reaming information (signalling gcheme D) (Fleowchart Fig. 5.8)

Sea alsc paragraph 5.4.2.

! a o After having found a trafflc channel in the same Y,¥, as the calling

2
channel the M5 transmitz frame ll. The procedure is simllar to

the call MS——# HTX procedure,
When frame 5a {L = 3} ia received, the M, has heen updated in MTX.

If frame 5a (L = 3) is not recalved, the roaming alarm shall be

activated.
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Malfunction alarm shall, if activeted

turn off when the MS goes’'on hook. '

—

DC pcwer start up Clear "roaming flag”
Claar “sosa-sounter”
Clear "off hook [flag”

‘ 8 goes 4o initial Clear ..~ [Clear “tess for reasing]

Rf-channel —
as i

NS goes to mext
Rf~channsl

Alara

R4
=

*Scan-oounter”

_ Naltusetien .
|
.19 ? i

Incresent
*Soan-gounter”

|

During the first scan the MS
shall only accept-a channeli.
which has an RF level above
a certain limit,

See paragraph 5.2.3.3.

Clesr "off hook flag

“Rosming flag”
set ?

X See paragraph 5.2.3.4
. .

Set "off doek flag" .
Clear "soan-eounter”

=0ff hook L L]

flag" set
?

W goes to inttial
Rf-channel
rendos 1

.o 180,

Y;Y" - I|Yz

7;15 - 1‘12

i

Set "test for
Y roaning®. Clear
o “gcan-coynter”

Clear "test for
roaming” and "scan-{’
counter"”

Store NlN‘ZNJ as
initial channel

No Maton
LR YRTPE
?
Set “roawing flag"
Yea Clear "test for roaming’|
Clear "scea-counter”
s Replace Y‘Y with Yin

%S goes to initial
df-channel
. 180,
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780714/7ER :
SIGUALLING SCHZE Rev. 790123/ixd
Rev. 790202 /Hrd
A) Call MS—p NTX Rev.
Rest on N, N, 1, Rev. 791002/hrd
Tais sequence i3 cverrulad by
recertion of forced xaleazce frem
Transmitter "on" MTX, MS on hcok and culicncnous
: tize out,
e Transmit 10 b °
(2 frames) T
after reception 4f 4
}
Transmitter "off"
. ecept . s '
\ / ne .
’\m @ 3b rithin Malfunotion 1
alarm
Back to
standby
Transmitter "onl on old CC

Transmit 4 frame;
of 10b followed
by idle fraze 15
sontinuously

' eceptio
6f 5a (Le3)widy
after star

Malfunction '
! v Release roaming
alarm W alarm (if any)

‘ To MS clearing
)9 (£ig.5.5)

Open speech path
Locp superviscry sign.

i
rTransmit 2x14a(1d1ﬂ)

>J @ . ' ' ‘lﬁ‘rﬂnnmit 3:14b(2digd)

3
' nggnsmit 2x14a/b(1aqi aipit)
‘ ﬁotc‘l T e« 1107 ms 28 frames ) ) lTra.nHmi‘.: 15 continuoqsly
T = 553 ms (4 frames) ’
™a 30 * 2,5 ms .
peie 277 ms (2 frames) "
' “eoption
X of 5a (6) he
vyd s Lmm Ohman
Conversation jithin Zp75ec, actel

tra.gsa:\itting last digit .
Yes

Stop trannmit 15 l

Fig. 5.3
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B) Call MTX—pliS : ‘ rev. 790207/Hrd
rev701007/ ilrd :
r PTransnitter "on” J ' Thia nequence is overruled by
reception of A=olearing from
I MTX and nutonomous time~-out and
Tranemltt 10a on CC 3 en hodX,
(ngx,u,) T mn after Remarks
reception of call (2~) Kalfunotion alarm shall,if
T aotivated, turn off when the
uS goes on=hook,.
r Transmitter "off" I . :
r—;“" ——— mJ The ringing signal shall
: 143 . have a duration of approx.

1 second,

no

eived within T after
transmit 10a
o

] Go to TC '.)"K.

3
eceived withe
T' after reception

of 2% :

no

Go back te old €C (n,nzu,)

yes

FTrannmittr:r #oa" A—l
6 .
[ transmie t0v 4 frameq . _ .
. T { A
. ‘—'—Trmsmtter norf" ;l 1

a

i T after

tart transoitting
of 10%

fransmitter “on”

2 Generate ringing signal
To M5 {n MS and activate call
indicator
clearing 3

Malfunction
alarm
2

yos

NS "off hook" uo

Notes T = 1107 ma (€ !‘rmu;
T« 553 ms (4 frames .
- 0 & 2.5 ms Pransmitter "on" J

™
™ia2] as (; frasen)
ﬁx;:r;s:l;r‘:‘::‘unr 13a J
¢

Open spesch path after
1ifting handget or
pushing "hands free”

button, Turn“call
indieator” offs.... Generate ringing signal

Loop Sup. Sigh.
%

Recoived
5a (9)
(rinping)

Conversation 4]

Fig. 5.4
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J"
780714/Mik '
rev. 790202/Hrd .

Hobile station "on hook" of forced release
Rev. 791003 /Hrd , :

dus to mobile station
¥S Clearing

! . Conversation

&

‘rig-w\\ . On hook
Close speech path if open
|

Transsit clearing signsl Fig. 5.5
frane 138 (1) 4 rrames
Transmitter “off"
03N
off hook ::alfunction
? alarm
Back to '
standby
on old CC
Fixed subscriber "on hook® or forced release
from MTX.
Conversation
Reception of clearing
signel 5a (15) from MTX.
Fig. 5.6
‘e
i 1
Close sveech vath |
|
Transmit release guard
13a (1) 4 frames
Pranseitter “off"
| Malfunction
| alarms |
|
X o1 gframe) S ;
otes T = 1107 ms i rame
' T w553 ms (4 frame) i:::d:;'on old CC.

't . 30 ta,5ns
T'1e 277 ns (2 frames)
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October

. 780714/Mik

rev.. 790202 /Hrd -

"Rev. 791003/Hpd,

C) Switching call im progress [roa !1l2!’ to l1!2)l5

Sequence overruled by
reception of MTX relesse
or by MS "on hook". And
autenomous timeout

.

(pen speech path
and supervisory sign.

1aan

Teansaitter “on"

Go bdack to x1u2u3

No

Conversation

on H13233

comzand t0.

N:nén; received

Transpitter “off"

X

lose speech path
nd superv. sisn.
loop

Store N1N2N’

'

Notey T
Tl

Tt
T'"

1107 =s ée franon;
553 ms (4 frames

30 2,5 ms
277 ms (2 frames)

Transmitter "on"

Transmit . idenmtity
-10b, 4 frames

Open -speech path
nd superv.silgn.
00P

anyo;attion

N182N5

,1jﬁ2
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~ cov. VSRTRR/SS
D Updatin roaming information. r
8 g Rev.791003/Hrd
TC
Rest on NqN2N3
Transmitter "on"
3
i Transmit 1"
D {2 frames)
ol 9
Transmitter "off"
t
~ fReception " , N
7 3b within T afDee—io . . gg:f;t:geglﬂrm
gtart transpet 117
Transmitter “"on" \ Back to
1 standby
on new CC
Transmit 11 '
(4 frames) followed
by idle lrape continuousl
Note: T = 1107 ms {8 frames)
‘T* = 553 ms {4 frames)
™" = 30 ¥ 2.5 ms
™'z 277 ms (2 frames)
Reception ”R amin alam“ To MS Clearing
F5a ( =3) withi eh 2 (fig. 5.5)
after star activated _
ansmj
Turn off "roaming
alarm" (if activated)
Fig. 5.8

) | | |
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5.5.1

5.5.2

5.5.3

5.5.4

Dctober 19779
- 8- '

gignalling eguipment for 1200 bava FESK

Genaral deacripticn

Exchange of signals betwaen MTX and Hs.in perfoyrmed by means of
1700 baud FFSK binary signalling. '

The characteristics &nd reguirepments for the FPSK signalling aystem
and equipment iz dealt with in NMT doc. l.

FFSE. modulation in MS

Pre-auphasis

Tha FPSK sigral shall be medulated in such a way that it is influén-
ced by a preemphasis similar toc that applied to the voice Lnput clr-
calt.

Deyiation .

The FESK signal shall produce a meanp RF fregquency deviation of

3,5 £ 0,5 kez. .

Group delay distortion

The distortion of the trahsmitﬁad FFSK signals shall be measured

according te psrearsnh BoT B

FFSK signal receiver

Tha overall performance requirements for the FFSK signalling recep-

tion capabllity is specifisd Ln paragraph 6.1.7.

Splitting in M8

Encoding

when the MS transmits an FFSK signal, the wolce ipput cilrcult and
tha suparvisory signal loop shall be autcmatically closed.

Decodling

after reception of the frame synchronization it 1 checked whather
the followlng alx ipformation bits all have the value 0. ILE =30 the
audic output 1s muted. Opening of the audic path 12 delayed T'''
after reception of the lagt frama.
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5.5.5 FFSK signalling detaction tima

Tha FFSK signalling receiver shall inform the Logic and Control Unit
whether tha RP channel is modulated with an FF3K signal or not.

This information {ebout an RF channel Nrl) shall be provided within
20 ms after the moment tha Logic and Control Unit ordered the trans—
cceiver to switch from RF channel N to RF channal H+l.

i

i 5.8 Timing in the M5
e |
£.6.1 Time ¢onstants in the signalling procedurs
{F]l'ﬁ.- The time constant used in performing the signalling procedures shall
1

wa the following multiples of the time needed to transmit a 1200 bhaud
signalling frame. '
T

1107 mes {eight framea) 1

T' © = 553 ms (four frames) H
' = 30 % 2,5 ms :
™'t =@ 277 ms (two frmmes) ;

CB.B.2 Timing between the signalling directions in MS .

R11l timing in the signalling are specified with reference to the

end of the received frame,

@J @ . Definitions ] ' . !
The time skew

-.-li 9 _ The time -elapsed from the end of a received frame to the end of .
/- a partly cverlapping eransmitted frame is called the time skew,

Fig. 5.9 shows an example with a time skew of T ms.

received -frame

tranamitted frama

Fig. 5.9

Time skow
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The response time of the MS la the time elapsed from the end

-af the received massage to the end of the transmitted message
*
(answer) ., Thus the response time will ba an integral nurnber of
frame times plus the time skew. Fig. 5.10 shows an example

of a response time of one frame plus & skew time of TE'

Regponse time T

. received Time
megxaga _akaﬂ -
dl @
e — — = -2
transuitited
*— 1 — "?- e ) n-—esiage -_— .*I'

@I @ ) _Fig. F;r.lﬂ-

Responsa time

5.6.3 Timing of call acknowledgement on calling channel

When receiving a call, frame 2a, #3 shall start to transmit
acknowledgement, frame 10a, within 30 % 2,5 ma.

In order to decrsase the riek of interference betwsen ‘two acknow-
ledgements on the same palling channel, frame 10a phall not be trans-
mitted in its full length. As swtated in NMT Dog, 1 this frame sﬁall be
coded in the same way as frame 10b. . The transmittar ln the M5 ghall

@] @ however be cicsed after 112 ms after the gtarting point of bit sync,
i.e, the transmitiaer shall be clesed aiter !105 has been gent.

Sea Fig. 6.3

=3
;

5.6.4 Delated

5.6.5 Timing of selzure on traffic channeal

The response time for seizure, frames 10b, 11 and 12, shall be cne

frama time plus a skew time of 30 £ 2,5 ms after the datection of
frame 4, free traffic channel indication.
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Autonosnous timecut

A timer separate from and independent of all other logic functions
must be running continucusly whenever powar is applied to the trans-
mitter of the MS. Sufficlient reset command must be interspersed
throughout the Logic and Control Unit to ensure that the timer

never expires as lowg as the proper sequence of cparations is taking
place. Lf the timer expires, a fallure ié agsumed and the power must
ba switched off the unit.

The time allowed for the timer is 30 =zsoconds,

one of the functions of the tilmer {s to switch off power when MS lis
transmitting and no RF carrier is detected (See 2.3.6) within
13 g, Dursts of RF rarrier up to 1 sec. are

net considered.

The power on/off switch must ha switched off and turned on before

the station is allowed to continue its normal operaticn.
' :

BF power control

The Logic and Control Unit gives control signals "carriar nnfuff“
and power lovel "high/low" to the transceiver. The MTX controls the
powar level of the M5 by means of bit no., 2 and 3 in W4

{high power 11, low waver 13, 01 and 00) in the channel runbere N i d
pE all slgnalanq frames in directlion NTX to MS. Tha same gombina-

'LI.I

rien N, N.N. is returned in the signalling ta the MTX. If the MS Is

17273
designed for an additional power reduction (see paragraph 2.2.5) the

code reserved for this shall be 01. An M§ not equipped with this
facility shall treat the codes 01 and 00 as 10.

RF freguency control

The RF frequency of the gransceivar is directly controliled by the
Loglic and Control unit.

Tha received channel nunbeX H1N2N3 is coded in BCD.
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1

Audio muting {se paragraphs 2.2.16, 2.3.20 and 5.5.4)

The audio input circuit and the audio ocutput clrcuit are mated by
control signals from Logic and Control Unit, in accordance with

signalling schemes, flow charts and state tables.

RF carrier detector

RF carrier detector shall inform the Logic and Control Unit and
autonomois rtimeout device whether an RF carrier is present ox not.

See also 2.3.0.
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SYSTEM TEETS

The Logle and Contxel Unit is chackad tcgather.with the tranacelver
by a number of RP testa.

Performance tests

Signalling sensitivity measured by call reception probability

“ghis test corresponds to the test in paragraph 2.3.7.

call receptlion proﬁahility ig defined as the probability of
receiving frame 10a from the MS after having sent frame Za (with
thé idenﬁificatiun éf the ME) to thé M3 du;iné fh; ﬁr-conditicnn
specified in ﬁhe following paragr&phn.

a) An RE-signal with a level of | ?? .M. F. (50 chms) modulated

with frame la to a mean fraquency devlation of * 3,5 kHz is
applied to the antanna. Once per 13 frames, frame 2a with the
jdentification of the ¥8 Ls transmitted (twelve frames ia
follcwed by one frame Z2a)

hi Same ag in casa a) but with an RF lavel of 3 4B above 1,?“
E.M.F. and a mean freguency deviation of 1,75 kHz.

For both cases the regquirement ls minimum 95% call reception

probablllity. _ _ |

Co-channel data réjection

. This test correasponds to the test in paragraph 2.3.8,

The wanted signal with modulation as in paragraph 6.1.1a shall have
a level 3 dB sbove 1 u¥ E.H.F and the unwanted signal with the

sema type of modulation but from a szource independent from the
source used for the wanted signal shall have a level of 5 dE healew
1 u¥ E.M.F. '

The raquirement i1s minimum 25% call reception probability.

adjacent RF-pignal decoding deqradation

This test corresponds to the test in paragraph 2,3,9,
The wanted signal with wodulation as in paragraph 6.1.1a shall hava
a level of 3 6B above 1 uV E.M.F. and the unwanted signal level witl

_mndulntion as in paragraph 6.1.2 shall be 70 dB above 1 u¥ E.M.F.

The requirement ia minimum 95 call reception probability.
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8F intermcdulation decoding degradation

Thie test correspands to the test in paragraph 2.3.11. The wanted
signal, modulated as In paragraph &.1.1a, shall have a level of 2 db
shove 1 u¥ E.M.F. and tha twe unwanted signals medulated as 1o
paragraph 2.3.11 shall have a leval of 70 dB above 1 pV E.M.F.

The requirement is minimum 254 call recepticn probability.

Signalling sgnsitivity in presence of RE signal fading measured

by call reception probability

The test i carried out in a spame W3y a5 in paragraph 6.1.1a but
with a fadimg simulator {Rayleigh) gonnected betwesn the syatem
eimulator and M3. The test shall bs made at simulated vehicle speeds
of 10, 50 and 90 km/h. )

The reguirement is 95% call reception probabilicy for an RE gignal
level with an RMS value of 10 4B above | uV E.M.F.

Note: The fading simulator may consist of 2 non-correlated digital
peeudorandom genarators with 3rd order digital filters to
gshape the noise power gpectra. The bandwidth corresponds to
the doppler shift of the gimulated speed. The two noige sources
modulate two RF signals 90° out of phase. It can be shown that
the combined =ignal has a Rayleigh distributed amplitude.

Data signal distorticn

The distértion of the transmitted data signal from the MS is measured
in accordance with a measuring set-up shown in Fig. 6.1. The MS shall
be continucusly modulated with normal data test modulation as defined

in paragraph 1.3.8.2.

The crror rate is analyzed for diffarent S5/W ratics., The required'
5/N ratic for error rate 10-4 is gompared with the g/N ratioc reguired

for the same error rate when the raference FFEK transmitter is used

(See WMT Doc 1)

-
For the arror rate 10  _the increase in .§/N when.measuring tha
ue ghall be lesa than 7,5 4B cﬁmparad with the refarence '

meagilr ement..
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M5
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| JErrar
-ﬁfi; { { y Den 'analysaiJ
e

P
~F  |900-2100 Hz

" B.1.7

Fig. B.1

ME = mobile station under test
b = refarence FPSX transmitter
R = yefarence RF receiver with deemphasis

NG = noise generator

DEM =—raference FFS5K demodulator

Ability te interpret distorted data signals

The distorsion of data gignals raceived by the MS consists mainly
of group deley distorsion, stemming fron the cuﬁnaaqian MTA - BS i
and to a lesser sxtent from the BS clrcuitry. The ability of the '

' M5 to interprat data signals with group delay distorsion is measured

by feeding the MS with an RF signal modulated by predistored data
niqnala. Tha RF signal shall be modulated to an avarage frequency ,
daviation of ¥ 3,5 kBz, using the same test procedurs as in
p;raéraph E.l.lafThe.moduiating signal shall be fed through a
diptortion circuit with a group delay characteristic as shown in

Fig. 6.2.
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The required RF input signal level for 95% call reception probability
shall not exceed the level necessary for 95% call reception probabillty
measured without the distortion circuit by more than 1 dB.

+ Retative group dalay(ms)

0
m '-li@ E!; ) i:
’
0y3
@m ib - 0vd
0,5
0,6
a,7
ey S i ¢ :':; o s _ -
gop 1200 1500 1800 2100 trequency(Hz}
Fig, 6.2
Group delay of distortion circuit
NIE | 6.2 Time_constants |
B Tha following time constants are tested as described
. palewi T T ’ S o
@'/U @ 1* —bd m -"---—.'I-F-“ . - - =-r
E.E.i Recelver swltching time toc next channel and FFSK detection time

E.2.1.1 Reguirement

The yeceiver switching time to next channel and FFSK datection

time shall not exceed 20 ma.
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6-2&1!2 DElEtEd

URC

6.2.1.3 Daleted

6.2.2 Trancmitter start-up times

§,2.2.1 Definition

The tran=mitter reaction time is the time elapsed between the
end of the calling frame (2a) and the beginning of the call
acknowledgemant frame (10b) indicated as £, in fig. 6.3. The

following partial times are of intersat:
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The time e=lapsed from the end of the calling frame until the
tranemitter cutput powar is 40 4B below lts steady-state

value ia 1ndicateﬁ as ti in fig, 6,3.

The time elapsed From the transmitter cutput power reaches
a valua 2 48 helow its steady=-states output power until the
baginning of the rall acknowledgement frame is lndicated as

t2 in fig. 6.3,

Becauge of thae reaction time of the base atation squelch, tha

M5 puat always walt ¢, before data signalling atarts,

2

£.2.2.2 Requiremants:

6.2.3

6.2.4

6.3

6.3.1

tI > T ms

tz- > 7 me

Call acknowledgemant on CC

The length of the call acknowledgement frame lg indicated as t4
in fig, 6.3. The time is minimum 112 wa {determined by the parameters

' of the signalling system).

Transmitter awake tims

Tha transmittay awake time iz defined as the tipe elapged from

the end of the calling frame (2a} ﬁntil the tranemitter cutput power
has decayed to a value 40 4B below ita steady-state value and is
indicated as te in fig. 6.3. The maximum lengeh ia 158 ms.

musignal luEE_and tranacelver coupling

‘Bupervisory signal deviation

The supervisory signal as recaived and demodulated in tha receiver
is looped to the modulator without regenexation and shall produce
a transmitter frequency deviation egqual to the frequency deviaticn
of the received supservisory signal within a tolerance of ¥ 10%.

* Frequency = 4000 Hz continucus {: 55 Hz)

+
Fraquency deviation from the base station = = 0,3 kHz (= 30 Hz)
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Transceiver ¢oupling

any coupling from the receive path to the transmit path or vice

versa must be sufficiently small to prevent excessive echo from

returning to the base station, as specified in the following.

1.

Receiver — transimitter coupling

The ratio in dB between the frequency deviation of the transmitted
signal and that of the received signal at any modulation frequency
shall be attenuated in accordance with the figure shown below. '
During this measurement, the acoustic path between the handset
receiver (earpiece} and microphone shall be blocked by connecting

the handset receiver to an artificial ear.

If, at any modulation frequency, the transmitter is modulated
to give a frequency deviation of Af, the level at the voice
output circuit of the receiver, caused bf any coupling between
the receiver and the transmitter, shall be at least 25 dB below.
the level at the same point when an RP signal with a frequency
deviation of A £ is fed to the receiver.

YNNIV
4

4

2d&

B S N N

«35

/

| |

.: "
JA X
4000 o

5000 < 6069 Hz
200 3800 4200 Modulation frequency

Fig. 6.4
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6.4 Acceptance of signals

In the following signal schemes an error is placed in the frames
and the error is then shifted cyclic through the frame and acceptance/

rejection of the frame according to the schemes are checked.

This test is performed at high signal levels in order to control

where the errors are placed.

The requirements in NMT Doc. 1 paragraph 4.7 are checked.

6.5 tunctional tests

5

The functional testing of the MS consists of a number of exercises.
o These exercises are carried ocut in order to tast the operation of
>F q@ the logic in the MS. All the tests are carried out at an RF-signal
lavel of 10 dB/uV, and shall be successfully completed.

The tests are summarized balow:

Calling Channel Seizure
Traffic Channel Seizure
Call MTX =% MS

Call MS —mp MTX

Clearing from M3

Switching Call in Progress

o

)

)

)

=]

o Clearing from MTX
o

o Roaming Up-dating
o TX-power Control

o Country Selector

o

Autonomous Time Out

pPlus the supplementary facilities if so0 equipped:

o MFT Converter IN/OUT

o Subscriber with Priority

o Tariff Information (Coin Box)
o Abbreviated Dialling

o "Hands-Frea" Operation
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statistical test

The tests in paragraph 6.5 are repeated using a fading simulator
in the RF path. The mean RF input signal level shall be 10 dBuV.
The Aifferent aignalling schemes in paragraph 6.5 are rapeated a
numher of times. During this teat the MS must not lock in an abnermal

stata.




o

Uetaber 19749
al-1 HMT Doc 3

annex No. 1

CENERAL INFORMATION COMCERNING TESTS, TYPE AFPROVAL, FEES AND
MARKING AV MOBILE EQUIPMENT TO BE USED IN THE NORDIC MOBILE
TELEPHONE SYSTEM (NMT)

In connecticn with tests and type approval of meblle eguipment to
he used in the NMT system manufacturers/agents have to notice the

following:

RPPLICATION FDR TESTING

Equipment to be used in the NMT system shall be tested in accordance
with NMT Doc, 3, Technical Specification for the Mchile Station,

for type approval by the Telecommunications Adminictration in the
Hordic country (Denmark, Finlard, Norway or Sweden) in which the
manufacturer/agent is resident. An application for testing shall

pa made in writing to the Administraticn.

The application for testing shall contain information about the
make and type designatiou of the equipment and shall be accormanied
by a complate technical description (4 coples) of tha equipment,
conteining e.g., cireuit diagrams, flowcharts, PCR layouts and
lists of components., Furthermore it shall ba informed if the
particular type designation has previously baesh used in connection
with type approval procedure in a Wordie country. The type deaig-
nation shall be approved by the administraticn.

Enclosed with the application there shall be a test report 4
coples] comprising the manufacturers results obtained from
neasurements in accordance with the equipment gpecification. The
report shall clearly state any deviation from the measurement
methode 1n the sald document, The testing Telecommunications
administration shall then decide whather the test report is

acceptable.

ali documents presented with the type approval application are the
property of the Telecommunication Administraticn and may be dis-

tyibuted to tha other Hordic Adminiatrationa.

The applicant shall denominate personis] to whom technical queries

 about the equipment can he addressed,
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SELECTION OF EQUIPMENT FOR TESTIRG

Normally, the manufacturer shall prasent & spacimen chosen from
the production gecies for the testing. If the type approval is
granted on the basis of tests made on a prototype, the corres-
ponding production equipments ghall in any relevant respect be
jdentical with the spacimen tested.

APPROVAL

A1l eguipment <f an approved type shall fulfll the specifications
in WMT Doc. 3. It shall be a conditicn of a type approval that all
aéuipmant made of tha type are identical with tha specimen tested,

as regards circult diagrams: components, software and agsembling.

Equipment which are not electronically and mechanically identical,
must not wear the same type designation. I1f modifications are made,

a new type designation must be given. This will require a new
approval if the medifications have any relation to the spacifications
in force. The Nowdie Telecommunicatlions administrationa shall
determine at’ thelr discretion whether types of squipment are
identical in accordance with the above or whather neu approval are

neceasary.

It shall be a condition of the continuing validity of a'type.approval
that, for the purpose of control tests, a Nordic Telecﬁmmunicationa
Administraticn may at any time Ereeiy select specimens of the type

of equipmént tn question from the stock of the manufacturarfagent

or importer, pussibly, dealer. In the svent that through this, or

in some other way 1t is ascertained that the type of equipment

does not fulfil the specifications in HMT Doc. 3 or, 1f otherwlse,
the conditions of the approval are disregarded, the approval may he
cancelled both for egquipment which have already besn put to use

and for egquipment of the type in question which have not yet heen

put to usea.

The approval shall sclely cover conditions which bear upon the
regulations laid down by the Nordic Telecommunications Admini-
strations and dees not aim at covering the possible requirements

of other authorities in respect of the stations and their

installation in general.
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rEST AND APPROVAL FEES

Tmfcrmation concerning the test and approval fees can be obtalned

ny sontacting the relevant Teleacommunicaticns Administration,

MARTING OF THE EQUIPMENT

The equipment shall be clearly marked with the make, type
deslgnation, and serial number; thig rule shall agply alsoc to the
zample which is banded in for testing. The marking shall be placed
in fuch a manner on the equipment that it is =asy to inspect when

the ecuipment iz mounted as specified by the manufacturer.

The marking shall be mechanically solid and durable and may, for
example, be made by means of engraving, embosaing or application

of a m=tal plate.

TYPE BPPROVAL IH MORE THARN ONE NORDIC COUNTRY

when type approval ls granted in cne of the Mordic countries,
type approval in another Merdic country may be obtained by the

following procedare.

The agent in the country for which type approval is scught shall
un writing apply to tha Telecommunications Administration for type
appraval. Enclosed with the applicatian there shall be a copy of
the type approval certificate already given by ancther Nordic
welecommunications Administration. The manufacturer/agent shall
confirm that the egquipment for which type approval ig spught iz in
every respect identical with tha eguipment already type approved
by the other Administration. '

Tt iz up to the Administration whether an approval will be based

on the documentation or new test will be reguired.
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Anonex Ho. 2

PORTABLE MOBILE STATIONS

A portable mobile gtation is & portable or transportable egquipment,
containing its own power sources and fitted with an antenna mounted

on the equipment.

Technical Requirements

The portable mobile stations shall fulfil the requirements Iin
WMT Doc. 3, except for paragraphs 2.2.4.3, 2.2.5 and 3.4, Regarding
portable mobile stations these paragraphs are modified as follows:

Paragraph 2.2.4.3: The available steady-state garrier powar output

at the antenpa terminal into an artificial antenna shall be either
2 W I 1,5 dB or 15 W : 1,5 dB for all channels at normal test
conditiong, and within + 2 4B and - 3 4B of 2'W respective 15 W at

extrems test conditlons. .

Paragraph 2.2.5: Additica to the present texts

portable mobile stations with & nominal output power of 2 W will

not need an additional power reduction step of 10 4B at a laker date.

paracraph 3.4: '"Hands-free" operation need not be forezaen,
it P

Tn cage "Hands-frea”™ possibilities are provided, all the requirements

in paragraph 3.4 zhall ha fulfilled.




